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PREFACE 
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The title ot this book has been changed from Calculations of 
^uantiicUivc Chcmtcol A- nalysts to Calculaiicytis of Analytical Chem- 
istry because the subject matter has been expanded to cover the 
stoichiometry of both qualitative and quantitative analysis. 

In order to include calculations usually covered in courses in 
qualitative analysis, some rearrangements of material have been 
made, new sections have been added, and chapters dealing with 
equilibrium constants and with the more elementary aspects oi 
analytical calculations have been considerably expanded. Al- 
together, the number of sections has been increased from 78 to 
114 and the number of problems from 760 to 1,032. 

Ahe greater part ot the book is still devoted to the calculations 
of quantitative anal.ysis. Short chapters on conductometric and 
ampeiometric titrations and a section on calibration of weights 
have been added, and many other changes and additions have 
been rnade at various points in the text. A section reviewing the 
use of logarithms has been inserted, and a table of molecular 
weights covering most of the problem, s in the book is included in 
the Appendix. 

It is felt that every phase of general analytical chemi,strv is 
adeqiiately covered by problems, both with and without ans\vers, 
and that nio,st of the problems require reasoning on the part of the 
student and are not solved by simple substitution in a formula. 

Leicester F. Hamilton 
Stephen G. Simpson 


Cambridge, Ma,ss., 
Febnuirv, 1947 . 
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PART I 

GENERAL ANALYSIS 



CHAPTER I 

% ■ 

MATHEMATICAL OPERATIONS 


1. Factors Influencing the Reliability of Analytical Results. — 

Anab'tical chemistry is ordinarily divided into qualitative analysis 
and quantitative analysis. A compound or mLxture is analyzed by 
qualitative analysis to determine what constituents or components 
are present; a compound or mixture is analyzed b.y quantitative 
analysis to determine the proportions in which the constituents 
or components are present. 

Calculations in qualitative analysis are limited mostly to those 
pertaining to equilibrium constants and simple weight and volume 
relationships. Calculations in quantitative analysis are more ex- 
tensive and are based upon numerical data obtained by careful 
measurement of masses and volumes of chemical substances. From 
the numerical data obtained from these measurements the desired 
proportions can be calculated. It is found, however, that duplicate 
analyses of the same substance, even when made by experienced 
analysts following identical methods, rarely give numerical values 
which are exactly the same. Furthermore, the discrepancy be- 
tween results is found to depend upon the method used, and an 
analytical result obtained by one procedure may differ appre- 
ciably from a similar result obtained by an entirely different pro- 
cedure. The most important factors which thus influence the 
precision of analytical results are the following; (1) the manipu- 
lative skill of the analyst; (2) the experimental errors of the pro- 
cedure itself, such as the slight solubility of substances assumed 
to be insoluble or the contamination of precipitates assumed to 
be pure; (3) the accuracy of the measuring instruments used; and 
(4) fluctuations of temperature and barometric pressure. In order, 
therefore, that a numerical result obtained from chemical meas- 
urements may be of scientific or technical value, the observer 
should have at least a general idea of its reliability. 

'i ■ : ■ 
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In this connection, there should be kept in mind a distinction 
between accuracy and reliability. The accuracy of a numerical 
result is the degree of agreement between it and the true value; 
the reliabiUty or precision of a numerical result is the degree of 
agreement between it and other values obtained under substan- 
tially the same conditions. Thus, suppose duplicate determina- 
tions of the percentage of copper in an ore ^ave 52.30 per cent 
and 52.16 per cent, and suppose the actual percentage was 52.32. 
It can be assumed that the analyst would report the mean or 
average of the two values obtained, namely 52.23 per cent. This 
differs from the true value by 0.09 per cent, which represents the 
absolute error of the analysis. Expressed in parts per thousand, 
the error would be 0.09/52.32 X 1,000 = 1.7 parts per thousand. 
This is known as the relative error of the analysis. 

Since in most chemical analyses the true value is not known, 
it follows that the accuracy of a given determination is seldom 
known. We can speak only of the precision or reliability of the 
numerical results obtained. 

2. Deviation Measures as a Means of Expressing Reliability.— 
The numerical measure of the reliability of a result is known as 
its precision measure. A type of precision measure which is of 
particular importance in careful physical and chemical work is 
the deviation measure. Suppose, for example, repeated independent 
readings of a buret gave the following values: 

(а) 43.74 (/) 43.75 

(б) 43.76 (g) 43.75 

(c) 43.76 (/O 43.76 

(d) 43.75 (i) 43.73 

(e) 43.77 

The most probable value for this reading is obviously the mean^ 
43.753, which is obtained by dividing the sum of the readings by 
the number of readings taken. The deviation of each measurement 
from this mean, regardless of sign, is shown in the following: 

(а) 0.013 (/) 0.003 

(б) 0.007 (g) 0.003 

(c) 0.007 (h) 0.007 

(d) 0.003 (i) 0.023 

(e) 0.017 
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The. mean deviation, or average of these nine values, is 0.0092 and 
represents the amount by which an average single independent 
reading differs from the most probable value; it is therefore a 
measure of the reliability of a single observation. 

It is more important, however, to know the reliability of the 
mean than that of a single observation. It can be shown that 
the reliability of a naean or average value is numerically equal to 
the average deviation of a single observation divided by the square 
root of the number of observations taken. In the above, the 
average deviation of the -mean is 0.0092/ V9 = 0.0031, and the value 
for the reading may be expressed as 43.753 ± 0.0031. (It is 
customary to use only two significant figures in all deviation meas- 
= ures.) When several such measurements are involved in a com- 
putation, it is possible to calculate from the deviation measure 
of each measurement the deviation measure or precision measure 
of the final result and thus obtain a numerical measure of the 
probable reliability of that result. For methods of such calcula- 
tion the student is referred to Goodwin^s Precision of Measure- 
ments, 

3. Significant Figures as a Means of Expressing ReiiablEty. — 
In most chemical analyses relatively few independent readings or 
determinations are made, so that numerical precision measures 
are not often used. In such cases the reliability or precision of a 
numerical value is best indicated by the number of significant 
figures used in expressing that value. It is true that this method 
of expression gives only an approximate idea of the reliability of 
a result, but the importance of the retention of the proper number 
of significant figures in analytical data cannot be overemphasized. 
A numerical result expressed by fewer or more significant figures 
than are w^arranted by the various factors involved may give to 
an obserx^er an impression nearly as erroneous as would be given 
by a result which is inaccurate. 

4. Rules Governing the Use of Significant Figures in Chemical 
Computations.— The following definitions and rules are suggested 
by those given in Goodwin's Precmo/i of Meamrements: 

A nwmher is an expression of quantity. 

^ A figure, or digit, is any one of the characters 0, 1, 2, 3, 4, 5, 6, 
7, 8, 9, which, alone or in combination, serve to express numbers. 

A signifiicanf fiigurc is a digit which denotes the amount of the 
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quantity in the place in which it stands. In the case of the 
number 243 j the figures signify that there are two hundreds, four 
tens, and three units and are therefore ail significant. The char- 
acter 0 is' used in two ways. It may be used as a significant 
figure, or it may be used merelj^ to locate the decimal point. It 
is a significant figure when it indicates that the quantity in the 
place in Avhich it stands is knowm to be nearer zero than to SbHj 
other value. Thus, the weight of a crucible may be found to be 
10.603 grams, in which case all five figures, including the zeros, 
are significant. If- the weight in grams of the crucible were found 
to be 10.610, meaning that the weight as measured ’was nearer 
10.610 than 10.609 or 10.611, both zeros would be significant. 

By analysis, the weight of the ash of a quantitative filter paper 
is found to be 0.00003 gram-. Here the zeros are not significant 
but merely serve to show that the figure 3 belongs in the fifth 
place to the right of the decimal point. Any other characters 
except digits would serve the purpose as well. The same is true 
of the^ value 356,000 inches, - when signifying the distance between 
two given points as -measured by instruments which are accurate 
to three' figures only. The zeros are not significant. In order to 
avoid confusion, this -value should be written 3.56 X 10® inches. 
If the distance has been measured to the nearest 100 inches, it 
should be written 3.560 X 10® ’inches. 

Rule I . — Retain as many significant figures in a result and in 
data in general as will give only one uncertain figure. (For very 
accurate work involving lengthy , computations, two uncertain 
figures may sometimes be retained.) Thus, the value 25.34, rep- 
resenting the reading of an ordinary buret, contains the proper 
number of significant figures, for the digit 4 is obtained by esti- 
mating an ungraduated, scale division and is doubtless uncertain. 
Another observer would perhaps give a slightly different value for 
the buret reading — 25.33' or 25.35. All four ^figures should 
be retained. 

Rule II , — In rejecting superfluous and inaccurate figures, in- 
crease by 1 the last figure retained if the following rejected figure 
is 5 or over. Thus, in rejecting the last figure of the number 
16.279, the new value becomes 16.28. 

Rule III , — In adding or subtracting a number of quantities, 
extend the significant figures in each term and in the sum or dif- 
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ference only to the point corresponding to that uncertain figure 
occurring farthest to the left relative to the decimal point. 

For example, the sum of the thi-ee terms 0.0121, 25.64, and 
1.05782, on the assumption that the last figure in each is uncer- 
tain, is 

0.01 

25.64 

1.06 

26.71 

Here it is seen that the second term has its first uncertain figure 
(the 4) in the hundredths place, the following figures being un- 
known. Hence, it is useless to extend the digits of the other terms 
beyond the hundredths place even though they are given to the 
ten-thousandths place in the first term and to the hundred-thou- 
sandths place in the third term. The third digit of the third term 
is increased by 1 in conformity with Rule II above. The fallacy 
of giving more than four significant figures in the sum may be 
shown by substituting x for each unknown figure. Thus, 

0.0121X 

25.64a:a:a; 

1.05782 

2&.71xxx 

Rule IV . — In multiplication or division, the percentage pre- 
cision of the product or quotient cannot be greater than the per- 
centage precision of the least precise factor entering into the 
computation. Hence, in computations involving multiplication 
or division, or both, retain as many significant figures in each 
factor and in the numerical result as are contained in the factor 
having the largest percentage deviation. In most cases, as many 
significant figures may be retained in each factor and in the result 
as are contained in the factor having the least number of significant 
figures. 

For example, the product of the three terms 0.0121, 25.64, 
and 1.05782, on the assumption that the last figure in each is 
uncertain, is 

0.0121 X 25.6 X 1.06 = 0.328 

for, if the first term is assumed to have a possible variation of 1 
in the last place, it has an actual deviation of 1 unit in every 
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121 units, and its percentage deviation would be X 100 = 0.8. 
■Similarly, tie possible percentage deviation of the second term- 

nil! 1 ^ ^ 1 .1/1 s I* I 1 11*11 lit 


would be PTFWi X 100 
2,554 


0.04, and that, of the third term wmiild be 


i'ak""^qo X 100 = 0.0009. The first term, having the largest per- 

iUO, ir 

centage deviation, therefore governs the number of significant 
figures which may be properly retained in the product, for. the 
product cannot have a precision greater than 0.8 per cent. That 
is, the product may vary by 0.8 part in every hundred or by nearly 
3 parts in every 328. The last figure in the , product as expressed 
wdtii' three significant figures above is therefore doubtful, and the 
proper number of significant figures has been retained. 

Rnie V. — Computations involving a precision not greater than 
one-fourth of 1 per cent should be made with a 10-inch slide rule. 
Fo]’ greater precision, logarithm tables should be used. If the 
old-style method of multiplication or division must be resorted 
to, reject all superfluous figures at each stage of the operation. 

Ride VL — In carrying out the operations of multiplication or 
division by the use of logarithms, retain as many figures in the 
mantissa of the logarithm of each factor as are properly con- 
tained in the factors themselves under Rule IV. Thus, in the 
solution of the example given under. Rule IV, the logarithms of 
the factors are expressed as follow^s: 

log 0.0121 - 8.083 -10 
log 25.64 - 1.409 

log 1.05782 - 0.024 

9.516- 10.,= log. 0.328 

5, Conventions Regarding llie Solution ,:of Ntnnerical Probiems* 
— In the calculation of numerical results from chemical data wRich 
have been obtained under known, conditions and by. known,' meth- 
ods, little difficulty should be experienced in forming an approxi- 
mate estimate of the reliability of the various factors and of the 
results obtained. In *the case of numerical problems which are 
unaccompanied by any data to show the conditions under which 
the ^’a^iolls measurements were made or the precision of the values 
given, the retention of the proper number of significant figures in 
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the.fiiial^ computed .results may be a matter of considerable, judg- 
ment. ' In such cases the rules listed -above are subject to .inodi- 
fication, but. in any case the need for a certain amount o.f common 
.sense and judgment in using them in no way detracts from their 
value. , 

In the solution of problems i.n this book, it may be assumed- that 
the given data confoi-'m to Rule I, above. In problems containing 
such expressions as “a 2-grani sa.mple,^’ 25-ml, pipetfiil/^ or 
“a teiit}i-iio.rmal solution/’ it'ma}^ be assumed that the* weight 
of the sample, the volume of the pipet, and .the normality of the 
solution are known to a p.recision at least as great as that of the 
other factors involved in the problem. 

It should also be remembered that the atomic weights of the 
elements are known onl}’' to a limited number of significant figures 
and, in the absence of further data, it may be assumed that the 
values ordinarily given in atomic-weight tables conform to Rule I 
above, in that the last figure in each is doubtful. It follows, there- 
fore, that the same attention should be paid to the precision of 
the atomic and molecular weights involved in computations as to 
that of any other data. 

It often happens that independent calculations from given data 
give results which disagree by only one or two units in the last 
significant figure retained. This is usually due to the fact that 
figures have been rejected at dijfferent stages of tlie operations 
involved ; but this is usually of no importance, since, when properly 
expressed, the last significant figure in the result is doubtful 
anywa}^ 

Analytical determinations are usually done in duplicate. In 
most of the problems in this book, ho%vever, data apparently 
covering only one determination are given. It may be assumed 
that such values represent mean values obtained from duplicate 
determinations. 

Problems 

1. How many significant figures are implied in the value 2.20 X lO*"®? In 
the value 5,000.002?. .In. the value 2,010. X 105? 

Alls. Three. Seven. Four. 

.; ,-2, Calculate the molecular weight of OsCfi to as high a- degree of precisian 
as is , warranted by the atomic weights involved. . 

' Ana..:' .332.0. ' 
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3. Express the velocity of light, 186,000 miles per second, in such a way as 
to indicate that it has been measured to the nearest 100 miles per second. 

Ans. 1.860 X 10® miles per second. 

4. Samples were sent to seven different chemists to be analyzed for per- 
centage of protein. The values reported were 43.18, 42.96, 42.88, 43.21, 
43.01, 43.10, 43.08, What is the mean value, the average deviation of a single 
value from the mean, and the deviation of the mean? If the correct percentage 
is 43.15, what is the relative error of the mean in parts per thousand? 

Ans. 43.060, 0.094, 0.036, 2.1. 

5. An ore actually contains 33.79 per cent Fe 203 . Duplicate determinations 
give 33.80 and 34.02 per cent, and the mean of these is reported. By how many 
parts per thousand do the duplicate results differ from each other? What is 
the mean value? What is the absolute error? What is the relative error in 
parts per thousand? 

Ans. 6.5. 33,91 per cent. 0.12 per cent. 3.5. 

6. Two analysts, working independently, analyze a sample of steel and re- 
port the following results: 

Analyst A: xInaltst B: 

Sulfur = 0.042 per cent Sulfur == 0.04199 per cent 

0.041 per cent 0.04101 per cent 

By how many parts per thousand do the check values agree in each case? 
Each man uses a 3.5-gram sample weighed to the nearest tenth of a gram. Is 
analyst B justified in his report? Do his figures necessarily indicate greater 
ability as an analyst? 

Ans. 24 parts, 24 parts. No. No. 

7. It is necessary to solve the following: 

(1.276 X 0.00047) + (1.7 X 10-^) - (0.0021764 X 0.0121) 
each term being uncertain in the last significant figure. Should you use 
arithmetic, logarithms, or a slide rule in the multiplications? What is the 
final answer? 

,4ns. Slide rule. 7.5 X 10-k 

8. A value which has been found by duplicate analyses to be 0.1129 and 
0.1133, respectively, is to be multiplied by 1.36 ml. as measured by an ordinary 
buret, and the product is to be subtracted from the value 0.93742 which has 
been very accurately measured. Express the result by the proper number 
of significant figures. 

Ans. 0.784. • 
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9. If in the analysis of a given substance a variation of 0,30 per cent is 
allowable, to how many milligrams should a 10-gram sample be weighed? 

10. How many significant figures are implied in the value 16 X 10®? In the 
value 16.00 X 10®? In the value 1.60 X 10"2? 
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11. In the following multiplication the last figure in each of the three 
factors is uncertain. How many figures in the product as given should be 
rejected as superfluous? Express the product in such a way as to indicate the 
correct number of significant figures. 

2.0000 X 0.30 X 500 = 300.00 

12. Calculate the molecular weight of Hf(N 03)4 to as Mgh a degree of pre- 
cision as is warranted the atomic weights involved. 

13. A book on astronomy gives the polar diameter of the earth as 7,900.0 
miles. To what precision of measurement does this number imply? If the 
measurement had been made only to the nearest 10 miles, how should the value 
be expressed to indicate this fact? 

14. Assuming each term to be uncertain in the last figure given, solve the 
following and express the answer to the correct number of significant figures: 

(1.586 29.10) + [162.22(3.221 X 10“^)] - 0.00018 

16. A sample of pure anh^^'drous BaCl 2 containing 65.97 per cent Ba is given 
for analysis. One analyst obtains 65.68, 65.79, and 65.99 for triplicate determi- 
nations and reports the mean value. By how many parts per thousand does 
each result differ from the mean? What is the absolute error of the mean, and 
what is the relative error (parts per thousand) of the mean? 

16. The percentage of carbon in a sample of steel is found to be 0.42 per 
cent. The calculations involve only multiplication and division. To how 
many decimal places would you weigh out a 1-gram sample in order to duplicate 
the result? 

17. A sample of limonite was analyzed by 12 students at different times 
during the college year. The values obtained for the percentage of iron 
were: 34.62, 34.42, 34.60, 34.48, 33.71, 34.50, 34.50, 34.22, 34.41, 35.00, 34.65, 
34.44. What is the mean value, the mean deviation of a single result, and the 
deviation of the mean? If the correct percentage is 34.75 what is the absolute 
error of the mean and what is its relative error in parts per thousand? 

18. A sample of material was sent to two chemists. Each used the same 
method and reported the results of four analj^ses, as follows: 

Chemist A Chemist B 


30.15 

30.15 
30.14 

30.16 


30.251 

30.007 

30.101 

30.241 


Calculate in each case the mean value and its deviation measure. Other 
conditions being equal, which mean value is the more reliable? 

6. Rules Governing the Use of Logarithms. — In calculations of 
quantitative analysis involving multiplication' and division where 
four-significant-figure accuracy is required, four-place logarithms 
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should be used; in calculations where two- or tliree-sigiiificant- 
figure accuracj^ is sufficientj a slide rule should be used. ' Grammar- 
school methods of multiplication and long division should not be 
employed. 

Although the theory and use of logarithms are ordinarily covered 
in preparatory and high schools, the following outline is given as 
a review of the essential points in this phase ©f mathematics. 

1. The logarithm of a number is the exponent of the power to 
which some fixed number, called the base, must be raised to equal 
the given number. Thus, suppose 

= 71 

then X is the logarithm of n to the base a and may be written 

O’ = loga n 


2. The base in the common system of logarithms is 10, and the 
term log, without subscript, is commonly used to denote a log- 
arithm in this system. Hence, 


IQo 

10' 

102 

10^ 


= 1, 

=^ 10 , 

- 100 , 

= 1000, 
10“' - 0.1, 
10“2 0.01, 
10"S - 0.001, 


log 1 
log 10 
log 100 
log 1000 
log 0.1 == 

log 0.01 = 
log 0.001 = 


0 

1 

2 

3 


etc. 


-1 

-2 


It is evident that the logarithms of all numbers between 


1 and 10 will be 0 plus a fraction 

10 and 100 will be 1 plus a fraction 

100 and 1000 will be 2 plus a fraction 

1 and 0.1 will be —1 plus a fraction 

0.1 and 0.01 will be —2 plus a fraction 

etc. 

3. If a number is not an exact power of 10, its common logarithm 
can be expressed only approximately as a number with a continu- 
ing decimal fraction. Thus, 

36 = 101 . 5563 -. 

or 

log 36= 1.5563- ••• 
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The integral part of the logarithm is called the characteristic; 
the decimal part is called the mantissa. In the case just cited, 
the characteristic is 1; the mantissa is .5563. ' Only the mantissa 
of a logaritlim is given in a table of logarithms (see next section) ; 
the characteristic is found by means of the next two rules. 

4. The characteristic of the logarithm of a number greater than 
1 is 1 less than the member of digits to the left of the decimal point. 
For example, the characteristic of log 786.5 is 2; the characteristic 
of log 7.865 is 0. 

5. The characteristic of the logarithm of a decimal number be- 
tween 0 and 1 is negative and is equal in numerical value to the 
number of the place occupied by the first significant figure of the 
decimal. For example, the characteristic of log 0.007865 is 
—S. 

6. The mantissa of a logarithm is always positive; the charac- 
teristic may be either positive or negative. For example, 

log 36.55 = +1 + .5629 - 1.5629 
log 0.08431 = -2 + .9259 

This last logarithm is more conventionally written as 2.9259 
with the understanding that only the 2 is negative. Another 
common method of expressing this logarithm is 8.9259 - 10. 

7. The mantissas of the common logarithms of numbers having 
the same sequence of figures are equal. For example, 

log 2.383 - 0.3772 
log 23.83 - 1.3772 

log 0.002383 - 3.3772 (or 7.3772 - 10) 

8. The cologarithm of a number is the logarithm of the recip- 
rocal of that number. It is found by subtracting the logarithm 
of the number from zero. For example, 

log 7.130 = 0.8531 
colog 7.130 = 0.0000 - 0.8531 
= 1.1469 

'■or . ' 

10.0000- 10 
0.8531 

.. colog 7.130 9.1469 - 10 ■ 
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9. The anlilogarithm of A is the number that has A for a 
logarithm. For example, 

log 7.130 = 0.8531 
antilog 0.8531 = 7.130 

10. The logarithm of a product is equal to the sum of the 
logarithms of its factors. For example, 

log (7.180 X 586.3) = log 7.180 +log 586.3 
= 0.8531 + 2.7681 
= 3.6212 

11. The logarithm of a fraction is equal to the logarithm of 
the numerator minus the logarithm of the denominator; it is also 
equal to the logarithm of the numerator plus the cologarithm of 
the denominator. For example, 

log = log / .ISO - log 586.3 

= 0.8531 - 2.7681 

= 2.0850 (or 8.0850 - 10) 
or 

7 180 

log = log 7.180 + colog 586.3 

= 0.8531 + 3.2319 (or 7.2319 - 10) 

= 2.0850 (or 8.0850 - 10) 

The use of cologarithms is particularly ad vantageous when the 
multiplication and division of several factors are involved in the 


I ^ 



This is shown in the example at 


same mathematical process, 
the end of this section. 

12. ^ The logarithm of any power of a quantity is equal to the 
logarithm of the quantity multiplied by the e.xponent of the power. 
For example, 

log 71.803 = 3 X log 71.80 
= 3 X 1.8531 
= 5.5593 

13. The logarithm of any root of a quantity is equal to the 
logarithm of the quantity divided by the index of the root. For 
example, 

log = 1.^ X log 5.002 

= KX0.6992 
= 0.3496 
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7* Method of Using Logarithm Tables. — The precision of or- 
dinaiy chemical analytical work is seldom great enough to permit 
the retention of more than four significant figures in the numerical 
data ot3taiiied and in the calculations made from such data. Hence 
a four-place logarithm table such as is given in. the back of this 
book is entirely adequate. 

To use the logarithm table in finding a mantissa proceed as 
follows: First find the first two digits of the number in the column 
headed, natural numbers/’ then go to the right until the column 
i,s reached which has the third, digit of the number as a heading. 
To the number thus found add the number which is in the same 
horizontal line at the right-hand side of the table and in the column 
of proportional parts headed by the fourth significant figure of 
the number. Thus the number representing the mantissa of log 
23().'8 is 3729 + 15 = 3744, and the logarithm is 2.3744. 

Antilogaritlims may be looked up in the antilogaritlini table in 
the same way, Onlj?' the mantissa is used in looking up the num- 
ber; the characteristic is used merety to locate the decimal point. 
Thus the sequence of digits in the number having a logarithm of 

l. 8815 is 7603 + 9 = 7612, and the actual number is 76,12 as de- 
termined by the given characteristic of the logarithm. 

In actual calculations from analytical data the essential purpose 
of the characteristic in a logarithm is to locate the position of the 
decimal point in the final numerical value obtained. Since in most 
cases a very rough mental calculation is all that is needed, to 
establish the position of the decimal point, the use of character- 
istics can be dispensed with. The retention of characteristics , is, 
■however, helpful in serving as a check on the other method. 

; ■ Galciilations of quantitative chemical analysis in wMch loga,- 
ritlmis are of value seldom involve, operations other than those of 

m, ultipli.c.at.ioii, and divisi,oii. 

ExAMP:LE'.“--F'a.lculate logarithms: 

0.005164 X 136.59 

■Solution:;' ■ ' 

Method ri (without using cologarithms) ' 

log 9.827 - 0.9924 . 

log 50.62:= 1.7044 
Sum = 2 . 6968 : ■ 
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log 0.005164 = 3.7129 

or 

7.7129 - 10 

log 136.59 = 2.1354 


2.1354 

Sum = 1.8483 


9.8483 - 10 

log numerator = 2.6968 

or 

12.6968 - 10 

log denominator == 1.8483 


9.8483 - 10 

Difference = 2,8485 


2,8485 

antilog = 705.5. 
(using cologaaithms) 

Am: 


log 9.827 = 0.9924 

or 

0.9924 


log 50.62 = 1.7044 
colog 0.005164 = 2.2871 
colog 136.59 = 3.8646 
Sum = 


, 1.7044 
2.2871 
7.8646 ■ 
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12.6485 - 10 


2.8485 
antilog = 705.5. Ans. 

As previously mentioned, much time is saved b.y omitting all 
characteristics in the solution of the above problem and merely 
writing down the mantissas of each logarithm or cologarithm. 
The location of the decimal point is then determined by a simple 
mental calculation on the original expression. Thus, inspection 
shows that the two factors in the numerator of the above expres- 
sion give a result approximating 500 and that the factors in the 
denominator give a result approximating 0.7. The answer must 
therefore be in the neighborhood of 700, which establishes the 
position of the decimal point. 

8. Use of the Slide Rule. — The slide rule is essentially a loga- 
ritlim table, mechanically applied. On the scales used for multipli- 
cation and division the numbers are stamped on the rule in positions 
proportionate to their logarithms. Multiplication by means of 
the rule is merely a mechanical addition of tw'o logarithms; divi- 
sion is a mechanical subtraction of two logarithms. ■Manuals cov- 
ering the proper use of a slide rule are readily obtainable and are 
usually provided by the manufacturer of the rule. 

The student of quantitative analysis should be proficient in the 
use of a slide rule, particularly in the processes of multiplication 
and division. The slide rule saves a great deal of time in making 
minor calculations and is an excellent means of checking calcula- 
tions made by logarithms. Although the precision of the ordinary 
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10-inch slide rule is limited to three significant figures, it is sug- 
gested that slide-rule accuracy be permitted in solving quiz prob- 
lems and home problems, even though the data given may theo- 
retically require four-significant-figure accuracy. The purpose of 
the problems is more to make sure that the methods of calculation 
are understood than to give practice in fundamental mathematical 
operations. • 

Most laboratory calculations, however, require four-significant- 
figure accuracy, and four-place logarithms are necessary. 

Problems . 

19. Using four-place logaritiims determine ' the following: (a) log 387.6, 
(&) log 0.0009289, (c) colog 32.61, (d) colog 0.06003, (e) antilog 2.4474, (f) anti- 
log 4.1733, (g) antilog 7.2068 - 10. 

(a) 2.5S84, (&) 4.9679 or 6.9679 - 10, (c) 2.2789 or 8.2789 - 10, 
id) 1.2216, (e) 280.2, (/) 0.0001490, (g) 0.001610. 

20. Using four-place logaritiims calculate the following: (a) 226.3 X 

0.00002591, (6) 0.05811 64.53, (c) fourth power of 0.3382, (d) cube root 

of 0.09508. Cheek these to three significant figures with a slide rule. 

Am. (a) 0.005864, (b) 0.0009005, (c) 0.01308, (d) 0.4564. 

21. Using four-place logarithms find the value of the following.’ Locate 
the position of the decimal point by mental arithmetic and also by the proper 
use of characteristics. Also check the answer to three significant figures witli 
a slide rule. 

0.0046191 X 287.7 
51.42 X 0.84428 

, Ans. 0.03061.' 

22. Using four-place logarithms determine the follomng: (a) log 67.84, 
(b) log 0.005903, (c) colog 0.9506, (d) colog 718.1, (e) antilog 3.6482, (/) anti- 
log 2.0696, (g) antilog 6.0088 - 10. 

23. Using four-place logarithms calculate the following: (a) 33.81 X 
0.0009915, (h) 0.1869-^ 362.4, (c) cube of 0.09279, (d) square root of 
0.5546. Cheek tliese to three significant figures with a slide rule. 

24. T sing four-place logarithms find the numerical value of the foliowing 

expression. Locate the position of the decimal 'point. by the proper use of 
characteristics and check by mental arithmetic. Also check the answer to 
three significant figures by means of, a slide rule. ' 

5987.9 X Q.006602 
1.864 X 0.4617 X 1053.3 


CHAPTER II 
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9. Purpose of Chemical Equations. — When the nature and com- 
position of the initial and final products of a chemical reaction 
are known, the facts can be symbolized in the ■ form of a chemical 
equation. When properly written, the equation indicates (1) the 
nature of the atoms and the composition of the molecules taking 
part in the reaction, (2) the relative number of atoms and mole- 
cules of the substances taking part in the reaction, (3) the pro- 
portions by weight of the interacting and resulting substances, 
and (4) the proportions by volume of all gases involved. These 
four principles applied to reactions which go to completion serve 
as the foundation of quantitative chemical analjssis. Befor^j the 
calculation of a chemical analysis can be made, it is important to 
understand the chemistry involved and to be able to express the 
reactions in the form of balanced equations. 

10. Types of Chemical Equations. — The determination of the 
nature of the products formed by a given reaction involves a 
knowledge of general chemistry which, it is assumed, has already , 
been acquired from previous study, but the ability to write and 
balance equations correctly and quicldy is acquired only l\y con- 
siderable practice. The following discussion is given to help the 
student attain this proficiency, especially in regard to equations 
involving oxidation and reduction, which usually give the most 
trouble to the beginner. 

With equations expressing the reactions of (1) combiiiatioii, 
(2) decomposition, and (3) metathesis, it is seldom that imicli 
difiiculty is experienced in bringing about eciiiality between the 
atoms and molecules of the reacting substances and those of the 
products, for little more is involved than purely mechanical ad- 
justment of the terms and an elementary knowledge of valence. 
As examples of the above types of chemical change in the order 
given, the following equations may be cited: 
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(1) 2I"l2,'ih O 2 — ■> 2 H 2 O. 

(2) 2HgO —> 2Hg + O 2 

(3) FeCl 3 + 3 NH 4 OH Fe( 0 H )3 + 3 NH 4 OI 

Equations expressing reactions of oxidation and reduction^ ai- 
tlioiigli usually somewhat more complicated, offer little Mditional 
difficulty, provided that the principles underlying these types of 
chemical change are thoroughly understood. 

The above equations are molecular equations. For reactions 
taking place in aqueous solution (such as the third case above) 
equations are usually better written in the ionic form. To do so 
correctly requires a knowledge of the relative degrees of ionization 
of solutes and the correct application of a few simple rules. 

11, Ionization of Acids, Bases, and Salts.—Although the theory 
of ionization should be familiar to the student from his previous 
study of general chemistry, the following facts should be kept in 
mind because they are particularly important in connection with 
wiiting equations: 

Strong” acids include such familiar acids as HCl, HBr, HI, 
H2SO4, HNO 3 , HCIO 3 , HBrOa, HIO3, HCIO4, and HMn04. These 
acids in solution are 100 per cent ionized, although at ordinary 
concentrations inter-ionic effects may give conductivities corre- 
sponding to an apparent degree of ionization a little less than 
100 per cent. In ionic equations (see below) strong acids are 
written in the form of ions. 

“Strong” bases include NaOH, KOH, Ba(OH) 2 , Sr(OH) 2 , and 
Ca(OI-I) 2 . These bases in solution are 100 per cent ionized and 
ill ionic equations are vuitten as ions. 

Salts, with very few exceptions, are completely dissociated into 
simple ions in solution, and in ionic equations are written as ions. 
Tw'o conmion exceptions are lead acetate and mercuric chloride. 

Many acids and bases are ionized in solution to only a slight 
degree at ordinary concentrations. . Table IX in the Appendix 
lists most of such acids and bases ordinarily encountered in ana- 
lytical chemistry, and the student should familiarize himself with 
the names of these substances and ffiave'.at least a general idea of 
the magnitude of the degree of ionization in the case of the more 
common ones. 

Certain acids contain more than one hydrogen replaceable by 
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a metal {polyhasic acids). It \vill be noted that these acids ionize 
in steps, and the degree of ionization of the first hydrogen is in- 
variably greater than that of the others. Phosphoric acid, for 
example, is about 30 per cent ionized in tenth-molar solution to 
give H+ and HjPOr ions, but the concentration of HPO 4 - ions 
is much less, and that of PO 4 ’® ions is very small. Sulfuric acid is 
100 per cent ionized into H+ and HS 04 “'ions, but the bisulfate 
ion is only moderately ionized further to give H+ ions and SOr 
ions. 

12. Ionic Equations Not Involving Oxidation.— Most of the re- 
actions of analy tical chemistry are reactions between ions in solu- 
tion. 1 01 this reason, although the moleculai’ type of equation 
is serviceable as a basis for quantitative analytical calculations, 
the so-called ionic equation is usually easier to write and is gen- 
erally better. 

In ^\liting ionic equations, the following basic rules should be 
obsen'ed; 

1. Include in the equation only those coiistduents actually taking 
part in the chemical reaction. 

Example I. The addition of a solution of sodium hydroxide 
to a solution of ferric nitrate results in a precipitation of ferric 
hydroxide. The ionic equation is as follows: 

Pe+++ -b 30H- Fe(OH )3 * 

The sodium ions from the sodium hydroxide and the nitrate ions 
from the ferric nitrate do not enter into the reaction and hence 
are not represented in the equation. 

2. In cases where a reactant or product exists in equilibriwn with 
its constituent ions, express in the equation that form present in 
greatest amount. 

It follows that weak acids, weak bases, and the slightly ionized ^ 
salts should be written in the molecidar form. Substances of this 
type most often encountered in analvtical chemistry are the 
following: H2O, HC2H3O2, NH4OH, HsS, H2CG3, HNO. HP 
Pb(C 2 H 302 ) 2 , HgCb, H3PO4, H2C2O4, and H2SO3 (see Table ix' 
Appendix). The last three of these are borderline cases since they 
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are ionized to a moderate degree to give hydrogen ions and 
H«POr, HCiOr, and HSO3- ions, respectively. The salts lead 
acetate and mercuric chloride may be dissociated somewhat into 
complex ions \ji.g., Pb(C«H302)+ in the former case]| but are rela- 
tively little ionized to give the metal ions. They are therefore 
usually written in the molecular form. 

Example II. — The addition of an aqueous solution of ammo- 
nium hydroxide to a solution oi ferric nitrate results in a pre- 
cipitation of fen-ic hydroxide. The ionic equation is as follows: 

Fe+++ -b 3NH4OH -> FeCOHXi -b 3NH,- 

In this case, although ammonium hj'-dro.xide is ionized into am- 
monium ions and hydroxyl ions, the ionization is comparatively 
Slight and only the undissociated ammonium hydroxide molecules 
are expressed in the equation. ^ 

Example III. — The addition of a solution of hydrogen sulfide 
to an acid solution of copper sulfate gives a precipitate of copper 
sulfide: 

Cu'^ -b H2S — S' CfilS -b 2H'^' 

The fact that the original solution is acid does not require that 
hydrogen ions be on the left-hand side of the equation. The equa- 
tion merely indicates that the solution becomes more acid. 

Example IV. — When a solution containing lead nitrate is treated 
with sulfuric acid, a white precipitate of lead sulfate is obtained. 
This precipitate dissolves in a solution of ammonium acetate, and 
the addition of a solution of potassium clu-omate then causes a 
yellow' precipitate to appear. The ionic equations for these re- 
actions are 

Pb++ -f HSO4- PbSa -b H+ 

PbS04 + 2C2H3O2- Pb(C2H302)2 + SO4- 

Pb(C2Hs02)2 + CrOr PbCr04 + 2C2H3O2- 

1 .48 a matter of fact, it is not entirely certain that an appreciable concen- 
tration of N H4OH exists at all. The equilibrium existing in an aqueous solu- 
tion of ammonia is more generally and better expressed as follows: 

Nib -b H2O CNH4OH (?)] ?:i NH4+ -b OH- 

Here again, the concentration of OH" is relatively low, and the equation for 
the .above reaction can therefore be written 

Fe+++ -f. 3NH3 -b SHaO -> Fe(OH)3 -b 3NH4+ 
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,Exa.mple V— Silver chloride dissolves in an aqueous solution 
of ammonia. The equation is written as follows (see Example II 
and footnote above) : 

AgCl + 2NH4OH Ag(NH3)2+ + 01-“ + H 2 O 
or 

AgCI + 2NH3 Ag(NH3)2+ + 01 ” 

The silver ammino ion, like most complex ions, is only very slightly 
dissociated into its constituents: Ag(NH3)2‘^ Ag+ + 2NH3. 

Example VI. — ^A nitric acid solution of ammonium molybdate 
[(NH4)2 Mo04] added to a solution of phosphoric acid results in 
the precipitation of ammonium phosphomolybdate. 

I2M0O4- + H3PO4 + 3NH4-^ + 21H+ -> 

(NH4)3P04.12AIo03 + 12H2O 

Note here that for every 12 molybdate ions only 3 of the corre- 
sponding 24 ammonium ions present enter into the reaction. The 
nitrate ions of course take no part in the reaction. 

13. Oxidation Number. — Although the term “valence usually 
refers to the degree of combining power of an atom or radical, it 
is likely to be applied somewhat differently in the various branches 
of chemistry. For this reason, in inorganic chemistry the term 
“oxidation number^' is to be preferred in expressing state of 
oxidation. 

It is assiuned that the student is already familiar with the 
general aspects of the periodic table and with the combining power 
of the elements he has thus far studied. It will be recalled that 
(1) the oxidation number of all free elements is zero, (2) the oxida- 
tion number of hydrogen in its compounds is +1 (except in the 
case of the relatively rare metallic hydrides), (3) the oxidation 
number of sodium and potassium in their compounds is +1, and 
( 4 ) the oxidation number of oxygen in its compounds is —2 (with 
few exceptions). 

Since the algebraic sum of the oxidation numbers of the elements 
of a given compound is zero, the oxidation number of any element 
in a compound can usually be readily calculated from those of the 
other elements making up the compound. Thus, the oxidation 
number of Ci in HCIO3 is + 5 , since +1 + 5 4- [3 X (--2)] == 0. In 
this case the oxidation number of the ClOsmdw/ is*-!, sine 
combined with the +1 hydrogen. The oxidation number of S2 in 
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Na2S2G7 is +12 since Na2 = +2 and 7 oxygen atoms = —14. Each 
sulfur atom therefore has an o.xidation number of +6. 

The oxidation number of an ion is the same as the charge it 
bears. Thus, the oxidation number of the nitrate ion (NOr) is 
-1, that of the sulfate ion (S04=) is -2, and that of the phos- 
phate ion (P04“) is —3. 

A few cases may gi^ trouble. Thus, in the compound HCNO 
the sum of the oxidation number’s of the carbon and nitrogen atoms 
is obviously +1, but this would be true if C = +4 and N = -3, 
or C = +3 and Is = —2, or C = +2 and N = —1, etc. However, 
since the oxidation number of carbon is so often +4 {e.g., CO 2 ) 
and that ol nitrogen is so often —.3 (e.g., NHs), these would be 
the most likely oxidation numbers to take. 

A compound like Fe304 shows an apparent fractional oxidation 
number for the metal constituent, — in this case 2^^. Actually tw’o 
of the iron atoms have an oxidation number of +3, and one iron 
atom has an oxidation number of +2. This is called a mixed 
oxide (PeO.FejOs). A. similar case is the salt N'a’S.jOc; the (xoercige 
oxidation number of each sulfur atom is 2J^2- 
In so-called per-oxy acids and salts of these acids, one (or more) 
of the o-xj^^gen atoirrs has an oxidation number of zero. For ex- 
ample, in hydrogen peroxide, H2O2, the o.xidation numher of one 
ox3''gen atom is — 2; that of the other is 0. Sulfur forms analogous 
per-sulfur acids. 

14. Ionic Oxidation and Reduction Equations.— In the case of 
oxidation-reduction equations the two rules given in Sec. 12 should 
also be observed. It will be found convenient in most cases to 
write equations systematically according to the following steps: 

a. Write the Jormula of the oxidizing agent and of the reducing 
agent on the left-hand side of the equation. These should, conform 
io Rnle^ 1 .and 2, 

b. Write the formulas of the resulting principal products on the 
right-hand side of the equation. These should likewise conform la 

Rules Land 2 . ... . , ‘ 

c. Under, the formula of the oxidizing substance ^ write the number 
expressing the total change in oxidation numher of all of its con- 

stituent elements. Under the formula of the reducing substance, write 
the numher expressing the total change in oxidation number of its 

conshtuent elements. 
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iL Cse the number under the formula of the oxidizing agent in the 
iquation an the coefficient for the reducing substance; use the number 
under the formula of the reducing agent in the equation as the co- 
efficient for the oxidizing substance. 

e. Insert coefficiciits for the principal products to conform, to the 
preceding step. 

/. If possible, divide all the coeffiicients Ipj the greatest common 
divisor, or, if necessary, clear of fractions by ‘niiiUiplying all the 
coefficienfs by the necessary factor. 

g. If the reaction takes place in acid sohiMon, introduce the for- 
mulas fhO and in ammmts necessary to balance the atoms of 
oxygen and hydrogen on the two sides of the chemical equation. If 
the reaction takes place in basic solution, introdiice the formulas 
and 0//" in amounts necessary to balance the atoms of oxygeiU 
and hydrogen. 

b. Chech the equation by determimng the ioial net ionic charge on 
each of the tiro sides of the equation. They should be the same. 

Example I. — When a solution of chlorine water is added to 
a sulfuric acid solution of ferrous sulfate, the iron is oxidized. 
The step-by-step formulation of the equation for this reaction is 
asfollow’s: 

Stjbp . Result 

a, h ■ Fe+- -f- Ch + Ci" 

c Fe"^"^ + CI2 + CE 
1 2 

d, e 2Fe+-5- + Cl. ^ 2Fe-*-+-*- + 2C1- 

/ None 

g None . . 

h 4+ = 4+ 

Example IL— When a dilute nitric acid solution of stannous 
chloride is treated with a solution of potassium diehromate, tin 
is oxidized (fi-ora 2 to 4) and chromium is reduced (from 6 to 3). 
Neglecting the partial foimation of complex ions (e-.g. SnGle^) the 
development of the equation is as follows: 

Step , Result 

a, b Sn'’' + CraO;" — > + Cr++'*' 

f Sn+'' + CraOj" -> Sn++++ + Cr+++ 

3+3 

(/, r eSu++ + 2 Cr 207 “ -» ,6Sn++++ + 4Cr++-*- 
/ 3Sn++ + CrsO," -»3Sn++++ + 2Cr++'i- 

g aSirt*- + CraO?'* + Iffl'*- — ^3Sn++^■+ + 2CU++ + 7H-.0 
h 18 + = 18 + 
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Note that in writing this equation in the molecular form one 
would be at a loss to express the products correctl}". The ques- 
tion would arise whether to write stannic chloride and chromic 
nitrate or stannic nitrate and chromic chloride. As a matter of 
fact, none of these is formed since the salts are completely ionized 
in dilute solution. 

Example III. — Whgn hydrogen sulfide is bubbled into a dilute 


sulfuric acid 

solution of potassium permanganate, the latter is 

reduced (to manganous salt) and a white precipitate of free sulfur 

is obtained. 



Step 

IIesuet 


a, b 

Mn04™ -f HsS + S 


c 

MiiOr -fHoS — Mn++ -fS 

5 2 . ~ 


d, e 

2Miiar "h blis 4. 5S 


f 

ISlone 


g 

2Mn0.r" + 5 H 2 S -f 6H- -> 2IMii++ -f 5^ 

> 4- SH 2 O 

h 

4+ - 44- 


Example W. — In t.'he presence of sulfuric a 

.cid an excess of 

potassium permanganate solution will oxidize r 

1 ehi’omic salt to 

dichromate. 



Step 

Eesuet 


a, b 

+ Mn04” — » Ci’sO;" + 


c' Cr+-- 

3 . 

+ MnO.- CivO;” + Mn++ 

5 . 


(i, e 5Cr'^"'‘' 

+ + 3Mn0.r 2J-^Cr20,“+ 31^11++ 


/' 10Cr+- 

+ 6Mn0.r 5Cr20,” + 


. g 10Cr+“ 

+ GAliiOr + I IH 2 O -> 50r20r + 6Mn-+ + 22H+ 

■:k 

244- = 24 . 4 - 



.. Example V. — When metallic aiuminum is added to a solution 
of a nitrate in caustic alkali,, the latter is reduced and ammonia 
, gas is evolved. 

Step Resctl-t 

a, b A NO;{"“ -— »■ AiO'i*”' ■ -f- N'Ha 

c A1 + NOr AIO 2 - + NHa 

3 8 

d, e 8A1 + 3NOr -- 8 AIO 2 - + SNHa 

/ None 

g 8-^ + 3NOa- + 50H- + 2 H 2 O SAlOr + 3NH, 

k 8 - = 8 - 
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Example VI. — Solid cuprous sulfide is oxidized by hot con- 
centrated nitric acid forming a cupric salt, sulfate, and NO2 gas. 

Step Result 

a, b -f NOr Cu+- + S04-- + NO 2 

6* Ci^ -f NOr Cu-^- + so.r + Mh 

1 + 1 +S 1 

d, e a^_ + lONOr 2Cu-^“" + 804--= + 10NO2 
None r 

g Ci^ 4- lONOr + 12 H+ -> 2 Cu++ 4 BOr 4 IONO 2 4 6 H 2 O 

h 24 ^ 24 

Problems 

26. What is the oxidation number of each of the eiemeiits (other than 
hydrogen and oxygen) in each of the following: (a) NaOs; (6) SbSs'"; (c) H4P2O6; 
(d) K2Pt(N02)4:'(e) Ss; (/) Co(NH3)6+++; (g) Cu3[Fe(CN)6]2; (Ji) NaCHOs? 

Ans. (a) 43; (6) 43, -2; (c) 43: (d) 41, 42, 43: (c) 0; (/) 43, -3.r 
(g) 42, 43, 42, —3; (h) 41, 42. 

26. What is the oxidation number of each of the elements (other than 
hydrogen and oxygen) in each of the following: (a) Mn02; (b) Al2(S04)3; 
(r) NaCu(0N)2; (d) {YOUFOd^; (c) Fe(ClOs),; (/) HAsOr; ig) CaSsOediH^O; 
ih) (U02)(C104)2.4Ii.>0? 

Ans, (a) 44; (b) 43, 46; (e) 41, 41, 42, -3; (d) 44, 45; (c) 43, 
45: (/) 45; (g) 42, 45; (h) 46, 47. 


27. State the oxidation number of each element in the following: (a) N2; 
(h) NoO; (c) HoSe; (d) MooGt; (e) HCN; (/) K.jFe(CN)6; (g) NasCrsOy; 

(h) (NH4)2S04. 

28. State the oxidation number of each element in the following: 

(a) K2lMn04; (6) HCIO4; (c) (d) Pbs04; (e) K^H^Sb.OT; (/) Na^S.; 

j ig) Na2S‘>0a.5H20; (h) NH2OH; (i) HN.,. 

29. State the oxidation number of each element in the following: (a) AIO2”; 

; (h) Fe(CN)G^; (c) Cu(NH3)4++; (d) Ag(CN)2"; (e) SnSr; (f) AIgNH4As04; 

0/) Na2B407; (h) HC^Or; (i) WFg^. 

i 30. Give the oxidation number of each element in the following: 

; (a) KoPtClc; (6) (UO2)3(P04)2; (c) KaCo(N02).; (d) SbOCl; (e) HChHA-; 

i (/) LiH; (g) Bi(0H)C03; (h) HgLHgNH,,!; (0 Fe4[Fe(CN)cl.a. 

1 31. How do you account for the unusual a verage oxidation number of sulfur 

j in (a) Na2S406; (6) FeS2; (c) Na2S20s? 

i 32. The following unbalanced equations do not involve oxidation and re- 

I duction. Convert them into complete, balanced ionic equations. .Introduce 

! H2O and other constituents; wherever necessary. Substances are in solution. 

! unless imderlined. 


(а) Aids 4 NaOH NaAIO. 

(б) Fe2(S04)3 4NH40H ->Fe(0H)s 
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(c) GUSO4 + NH4OH — > Cii(NH3)4S04 
' id) K2Cd(CN)4 + H2S 

(e) FeCls + K4Fe(CN)6 -> Fe4[Fe(CN)6]3 

(/) H3PO4 + (NH 4 ) 2 Mo 04 + HNO3 -> (NH4)3PQ4.12Mo 03 
(<7) Na3AsS4 "h H2SO4 — AS2S5 “h H2S 
( 7 i.) Na3Sb04 “h H2SO4 -|- H2S — > Sb2S5 
W (.NH4)2U2Q7 + HCl UQ2CI2 

(j) HG2Ha02 4- pw Pb(C2H302)2 

33. The following unbalanced equations do not involve oxidation and 
reduction. Introduce the necessary constituents and convert to complete, 
balanced, ionic equations. Substances are in solution unless underlined. 

(a) (Bi0)2S04 + 

(b) Pb (011)2 + KOH KsPbOa 

(c) A^l + NI:l40H -> Ag(NH3)2CI 

(d) HaSnClc + HaS-^SnSa. 

(e) + (NH4)2S (NH4)sSbS4 
(/) Hg(N03)2 + KI->K2Hgl4 

(g) NaoSnOs + tICl 4 H2S SnSa 

(h) UO 2 SO 4 4 KOH -> K 2 U 207 

(0 Pb(C2H302)2 4:K2Cr04 -> PbCr04 4 KC2H3O2 

34. Balance the following oxidation and reduction equations: 

(a) Fe++ 4 CIOs" 4 H+ Fe+++ 4 Cl” 4 FI2O 

(b) Cr+++ 4 MnOo 4 H2O Mn++ 4 Cr04“ 4 H+ 

(c) Mn04-" 4 Cl- 4 H+ -> AIn++ 4 CI2 4 H2O 
id) MnOr 4 HaS 4 H+ Mn++ 4 S 4 H2O 
(e) lOr 4 I" 4 FI+ I2 4 FKO ■ 

(/) Mn0.r 4 SaOr 4 H+ Mn++ 4 SA” 4 H2O 

35. Complete and balance the foliowdng ionic oxidation-reduction equations : 

(a) AlnOr 4 I" 4 H+ -> AIn++ 4 I 2 4 H 2 O 
(h) Cr 207 = 4 HaS 4 H+ Cr+++ 4 § 4 H^O 

(c) ^ 4 OH- -> ZnOa- 4 H2 

(d) As0.r 4 Zn 4 IP* AsHs 4 4 H2O 

, (e) BrOs- 4 I™ 4 H+ Br- 4 I2 4 H2 O . 

(/) NOa” 4^4 OH- 4 H2O NH3 4 AlO.- 
(g) Cr-*-++ 4 NaaOa 4 OH" CrOr 4 4 H2O 

- (h) AF-++ 4 SaO^r -^ A1(0H)3 4 S 4 SO2 

36. The following unbalanced oxidation-reduction equations represent 
reactions taking, place in acid solution. Convert , them to. balanced ionic 
equations, introducing H+ and H2O wherever necessary. 

(b) Cr++^- 4 S2O8- -> CraOz^ 4 SOr 

(c) MnOr 4 H2O2 -> Mn++ 4 O2 
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(d) Mir-*- + MnOr + Bi 

(c) VO--*' -f Mn04” YOr + AJn * 
(/) UOa-'*' + Zn 0-+-*”*- + Zn-*'- 


37 . Tile following equations invoive oxidation and redurdioii. The}’ repre- 
sent reactions taking place in the presence of acid. (''<'>nvert them to balanced 
ionic equations, introducing a,nd li^O wherever ne(*essary. 


(a) 

(h) 

(c) 

(d) 
W 
(/) 
(9) 


Cy, 07- + + h 

Mn 0 .r + H2C2O4 -> CO2 -h "-Mn-- 

Cr+-H.- 4. ^ Cr 207 -"- + Bi-*”*"- 

U-f+ 4 .+ ^ -> UOs--*- -f Aln-*"*- 

UO:;- d- li-*’ U02+-" + O2 

I” -f Fe(CN)c- I2 + Fe(CX)6^ 
SoOs- + 12 d- 


38 . Write balanced ionic equations for each of the following reactions 
taking place in acid solution unless otherwise specified. Introduce hydrogen' 
ions and water or ]iydrox}d ions and water wherever necessary, (a) Dichromate 
reduced by sulfite giving chromic salt and sulfate; (h) chromic salt oxidized 
by free chlorine to give chromate and chloride; (cd chromite oxidized in alkaline 
solution with sodium peroxide to chromate; (d) lead peroxide oxidized by 
permanganate giving manganous stdt and free oxygen; (e) cupric salt and 
metallic aluminum giving aluminum salt and metallic copper; (f) manganous 
salt and chlorate giving a precipitate of manganese dioxide and chlorine 
dioxide gas; (<7) cobaltous chloride in alkaline solution with liychrogen peroxide 
to give a precipitate of cobaltic hydroxide. 

39 . Express the followdng reactions in ionic form, and in each case state 
what fraction of the nitric acid employed serves for oxidation : 


(a) + HXOs 

ib) Zn + HNOc 

(c) CusS + HNO3 

(d) + HNO3 

(e) + 

(/) FeS-fHNOj 


Cu(N 03)2 -f NO 2 + HoO 
Zn(N03)2 + NO -f H2O 
Cu(N03)2 + NO2 + H2SO4 + H2O 
Cu(N08)2 + NO 2 -f S + H 2 O 
Fe(N 03)3 + S + NO 4- H2O 
Fe(N03)s 4 - NO2 + H2SO4 + HsO 


(g) Sn + HNOa + H2O IF^SnOs + NO + Hl >0 


40 . Write balanced ionic equations for the following reactions taking place 
in solution: 


(a) 


ib) 

ic) 

id) 
(e) 
if) 


Nitrate -f metallic aluminum Hh sodium hydroxide — > alumiiiate + hydro- 
gen gas 4" ammonia. 

Di chromate + hydrogen peroxide 4- acid chromic salt 4- oxygen gas. 
Chromate + iodide 4 “ acid chromic salt 4 - iodine. 

Permanganate 4 - sulfite + acid —> manganous salt 4 - sulfate. 

Cupric sulfate 4 “ iodide — > cuprous iodide precipitate 4- free iodine. 
Cobaltic oxide 4 * acid — > cobaltous salt 4 - oxygen gas, 
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(g) Manganous salt + permanganate (in neutral solution) —> manganese 
dioxide precipitate. 

(/?,) Mercuric chloride + stannous chloride + hydrochloric acid —> mercurous 
chloride precipitate •+• HsSnCh 

Write balanced ionic equations for the following reactions in which 
nitric acid is used as an oxidizing agent. Introduce and HaO where 
iiecessaiy. 

(a) Cu +*HN03 Cu+-*- d” NO 

( 5 ) ^ + (very dilute) HNOs + NHi"^ 

(c) Fe++ + HNOs -> Fe-H-+ -|- RO 

(d) + HNOs Cu++ + S04^= + NO2 

(e) Ci^S + HNOs Cu++ + S + NO 

(f) F^Ss + HNOs -> Fe*^+- + BOr + NO 2 

(g) Sn + HNOs -^HaSnOs + NO 

(h) F^ -f HNOs Fe+--^ + H2P04'’ + NO 
(f) FeaSi + HNOs Fe++-^ + HaSiOs + NO 

42 . Write balanced ionic equations for the following reactions taking place 
ill solution. Introduce HsO and other simple constituents wherever necessary, 

(a) Cu(NHs)4S04 + H2SO4 C11SO4 + (NH4)2S04 

(b) NaAg(CN)2 + HNO3 — > AgCN (precipitate) 

(c) Ag(NHs)2Cl H- HaS Ag2S (precipitate) 

(d) Cu(NH3)4S04 + KCN + NH4OH K2Cu(CN) 3 -f KCNO 

(e) Cd(NHs)4S04 + KCN ~> K2Cd(CN)4 
(/) Co(NHs)6Ci3 + HCl-->CoCl2 

43 . Balance the following molecular equations: (a) BeA + H2O 
H2Se08 4- HGl + Se; (6) RUO4 -|- HCl HsEuCh 4 - Cls 4- H2O; (c) Ag3As04 
+ ^ 4 - H 2 SO 4 AsHs T + Ag 4- ZnS04 4 - H2O; (d) Ce(IQs)4 4~ H2C2O4 -> 
^62 (€204)3 4- 12 4 ” CO2I (e) Fe(CrQ2)2 4 - Na 2 CQ 3 -h O2 feOs 4 - Na 2 Cr 04 4 * 
’CO 2 (fusion). 


CHAPTER III 

CALCULATIONS BASED ON FORMULAS 
AND EQUATIONS" 







16. Mathematical Significance of a Chemical Foimnla. — The 
law of definite proportions states that in any pure compound the 
proportions by weight of the constituent elements are alwa 5 rs 
the same. A chemical formula therefore is not only a shorthand 
method of naming a compound and of indicating the constituent 
elements of the compound, but it also shows the relative masses 
of the elements present. 

Thus the formula Na 2 S 04 (molecular weight = 142.06) indicates 
that for every 142.06 grams of pure anhydrous sodium sulfate 
there are 2 X 23.00 = 46.00 grams of sodium, 32.06 grams of sul- 
fur, and 4 X 16.00 = 64.00 grams of oxygen. The percentage of 

9 X 23 00 

sodium in pure anhydrous sodium sulfate is therefore ^'Y 42""0 6 ^ 

100 = 32.38 per cent. 

16. Formula Weights. — ^A gram’-molecular weight of a substance 
is its molecular weight expressed in grams. Thus, a gram-molec- 
ular weight (or gram-mole, or simply mole) of Na 2 S 04 is 142.06 
grams. A mole of nitrogen gas (N 2 ) is 28.016 grams of the element. 

A formula weight (F.W.) is that weight in grams corresponding 
to the formula of the substance as ordinarily written. In most 
cases it is identical to the gram-molecular weight, but occasionally 
the true molecular weight of a compound is a multiple of the 
weight expressed by the formula as ordinarily written in a chemical 
equation. In practically all the reactions of analytical chemistry, 
however, it can be assumed that the value of the formula weight 
and that of the mole are the same. 

The gram-atom or gram-atomic weight is the atomic weight of 
the element expressed in grams {e,g:, 40.08 grams of calcium; 

14.008 grams of nitrogen). A gram-ion is the atomic or formula 
weight of an ion expressed in grams {e,g,, 40.08 grams of Ca++; 

62.008 grams of NOs-). 
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A mdUiniole is one thousandth of a mole; a 7 nilUgram-atom is 
one thousandth of a gram-atom. 

A forimila weight of hydrated ferric sulfate, Fe 2 (S 04 ) 3 . 9 H 20 , 
for example, is 562.0 grams of the salt. It contains 2 gram-atoms 
of iron (= 117.0 grams), 21 gram-atoms oi; oxygen (= 336 grams), 
9 formula weights (9 F.W.) of water, 3,000 milligram-atoms of 
sulfur, and in soluticii would give 3 gram-ions of sulfate. 

17. Mathematical Significance of a Chemical Equation. — A 
chemical equation not only represents the chemical changes tak- 
ing place ill a given reaction but also expresses the relative quan- 
tities of the substances involved. Thus, the molecular equation 

H 2 SO 4 + BaCb BaS 04 A 2HCi 

not only states that sulfuric acid reacts with barium chloride to 
give barium sulfate and hydrochloric acid, but it also expresses 
the fact that every 98.08 parts by weight of sulfuric acid react 
with 208.27 parts of barium cliloride to give 233.4.2 parts of barium 
sulfate and 2 X 36.47 = 72.94 parts of hydrogen chloride, these 
iiumerical values bemg the molecular weights of the respective com- 
pounds. These are relative weights and are independent of the units 
chosen. If a weight of miy one of the above four substances is 
known, the weight of any or all of the other three can be calculated 
by simple proportion. This is the basis of analjTical computations. 

Example I. — sample of pure lead weighing 0.500 gram is 
dissolved in nitric acid according to the equation 

3Pb + 8 HNO 3 3Pb(N03)2 + 2 NO + 4 H 2 O 

How many grams of pure HNO3 are required? How many grams 
of Pb(N 03)2 could be obtained by evaporating the resulting solu- 
tion to drpiess? How many grams of NO gas are formed in the 
above reaction? 

Solution: 

. Atomic weight of lead = 207 
, ; 'Molecular weight of. HNO 3 = 63.0 
Molecular weight of Pb(N 03)2 = 331 
Molecular, weight of NO = 30.0 

(3 X 207) grams of Pb react, with (8 X 63.0) grams of HNO 3 
(3 X 207y grams of Pb would form' (3 X 331) grams of Pb(N 03 ) 2 t: 
and (2,X. 30.0),';grams of NO : ' 
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Hence 0.500 gram of Pb would require 


0.500 X = 0.405 gram of HNOs 

and would form 


and 


0.500 X ■== 0.799 gram of Pb(N 03)2 




O y *^0 0 

0.500 X s": . = 0.0483 gram of NO 


3 X 207 


Exa.\iple II.— How many grams of HoS would be required to 
precipitate the lead as lead sulfide from the above solution? How 
many milliliters of H^S under standard temperature and pre.«sure 
would be required for the precipitation? (A gram-molecular 
weight ot a gas under standard conditions occupies 22 4 liters 
See Sec. 110.) 

Solution; 


Pb++ •+• H.,S PbS + 2H+ 

Atomic weight of lead = 207 
Molecular weight of HaS = 34.1 
207 grams of Pb++ require 34.1 grams of HaS 
Hence O.oOO gi'am of Pb'*"'' requires 
. 34.1 
207 


0.500 X ^ X 0.0822 gram of H^S. 


ihis. 


34.1 grams of H 2 S occupy 22,400 ml. under standard conditions 

Volume of H 2 S = X 22,400 = 54.1 ml. i ns. 


34.1 


Example III. 


In the reaction expi*essed by the equation: 

2Ag2C03 4Ag -f OT -f 2CO^ 


(o) how many gram-atoms of silver can be obtained from 1 F.W. 
o silver carbonate, (b) how many gram-atoms of silver can be 
obta,med from 1.00 gram of silver carbonate, (c) how many grams 
ot silver carbonate are required to give 3.00 grams of'oxvgen 
(d) how may moles of gas (CO^-b O 2 ) are produced from 
.0 giams of silver carbonate, and (e) how many mUmiters 
ot gas (C. 02 -f-Oj) are, produced from 1 millimole of silver ear- 
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Solution: 

(a) 2 F.W. AgsCOa — > 4 gram-atoms Ag 

1 F.W. ilg 2 C 03 — ^ 2 gram-atoms Ag. Ans. 

(b) Alolecular weight Ag 2 C 08 = 276 

1.00 gram AgaCOa = ^ " 0.00363 F.W. AgaCO., 

0.00363 X 2 = 0.80726 gram-atom, Ag. A?is. 

(e) 2 moles Ag2COs (= 2 X 276 = 552 grams) give ,1 mole O2 
(= 32 grams) 

AA /A rs . 552 « - i ^ ^ j 


S.OO grams O2 - 3.00 X ■ 


51.7 grams Ag2COs. 


(d) 2 moles Ag2COa (- 552 grams) — ^ 3 moles (O2 + CO2) 

50.0 grains Ag2COs = X 3 ~ 0.272 mole gas. Ans. 

(e) 1 rnole AgoCOs —> 1}4 moles gas 

1 mole gas (standard temperature and pressure) 22j400 ml 


1 millimole Ag2C08 = X 


22,400 


- 2 Q0Q 

= 33.8 ml. of gas. jhis. 

Example IV. — ^In the reaction expressed by the equation 
MiiOo + 2NaCl + SH2SO4 MnS04 + 2NaHS04 + Ch A- 2H2O 


MnOs . + 2C1- + 6H+ Mn++ + CI 2 + 2 H 2 O 

(a) how many gram-ions of Mix^ can be obtained from 1 milli- 
mole of Mn02, (5) how many grams of M'nS04 can be obtained 
from 5.00 g.rams of Mn02, (c) liow many millimoles of' MiiO‘2 aiti 
required to give 100 ml. CI2 (standard conditions), and (d) if 

1.00 gram of Mni\ 1.00 gram of NaCl, and 5,00 grams of H2SO4 
are used, which is the limitmg reagent, and' how many milliliters 
of .Cb '.(standard conditions) are evolved? 

.Solution; 

(a) ' 1 inole AIn02 1 gram-ion Mn+'^ 

; 1 millimole ;M'n02 -—> 0.001 gram-ion ^111+“^. Ans, ■ 

(fe)„ Imole Mii 02,'(^., 86.9 grams) --^.l mole MnS04 (= 151 grams) 

5.00 grams Mn02 = 5.00 X ™ 

86.9 

= 8.69 grams MnSOi. Aws. 
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(c) lOG ml CU = ~ = 4.47 millimoles Ci^ 

22.4 

1 millimole CI 2 = 1 millimole M 11 O 2 

100 ml. Ci 2 = 4.47 millimoles M 11 O 2 . Ans. 

(d) 1.00 gram M 11 O 2 = 0.0115 mole 

1.00 gram NaCl = = 0.017,f mole 

5.00 grams H 2 SO 4 = == = 0.0510 mole 

Jrl2fc*vJ4 yo. 1 

According to the equation these substances react in the molar 
ratio of 1:2:3, or 0.0115:0.0230:0.0345. The NaCl is therefore 
the limiting reagent and the other two are in excess. 

2 moles NaCl 1 mole Cl. = 22,400 ml. Ch 

0.0171 mole NaCl X 22,400 

= 192mLCl2. A/i,s. 

Problems 

44. How many grams of potassium and of carbon are contained in (a) 0.211 
gram of ICFeCCNlo.SHsO; (b) 1 F.W. of KHC 4 H 40 f,? 

Ans. (a) 0.0782 gram, 0.0360 gr.am; (b) 39.1 grams, 48.0 griinns. 

45. A certain weight of lead plio.sphate, PbafPO-i).-, contains 0.100 gram of 
lead. How many grams of phosphonis are present? What is the weight of the 
lead phosphate? W’hat is the percentage of oxygen present? 

Ams. 0.00997 gram. 0.131 gram. 15.8 per cent. 

46. How many grams of oxygen are present in 1.00 gi-am of each of the 
Mowing: (a) Fe.Oa, (6) BaS 04 , (g) FeCNOsls.CHaO? 

Ans. (a) 0.300 gram, (b) 0.273 gram, (c) 0.686 gram. 

47. WTiat is the percentage by weight of sulfur in each of the foUomng: 
(a) BiaSa, (b) NaoS20s.5H20, (c) KoSO4.Al2(SO4)3.24Ho0? 

Ans. (a) 18.7 per cent, (6) 25.8 per cent, (c) 13.6 per cent. 

48. Ignition of anhydrous magnesium ammonium phosphate forms mag- 
nesium pyrophosphate according to the equation : 2iMgNHjPO .i MgoPoOr + 
2NHs -f HoO. Calcukte: (a) number of formula weights of Mg 2 P ..07 pro- 
duced from 1.00 F.W. of MgNH4P04, (b) number of gram.s of NHj produced 
at the same time, (c) number of xniiiiiiters of NHs (.standard conditions) 
accompanying the formation of 1 millimole of MgoPaO,. 

Ans. (a) 0.500, (6) 17.0 grams, (c) 44.8 ml. 
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49 . What is the wfeight of the constituent elements in 0.717 gram of AgNOU 

Ans. Ag = 0.455 gram, N = 0.059 gram, O = 0.203 gram. 

60 . Calculate the number of pounds of materials theoretically necessary for 
the preparation of 1.00 pound of (a) KOH from CaO and K2CO3, (b) BaSOi 
from Na2SO4.10H2O and BaCi2.2H20. 

Ans. (a) CaO - 0.500 pound, K2CO3 = 1.23 pounds. 

(6) Na2SO4.10H2O = 1.38 pounds, BaCl2.2H20 = 1.04 pounds. 

% 

51. Balance the following equation and also write it as a balanced ionic 
equation: AI2 (804)3 + BaCh — > AICI 3 + BaS04. Calculate from it the follow- 
ing: (a) number of gram-ions of A1+++ contained in 1 gram-mole of AI2 (804)3, 
(h) number of gram-ions of Ba+'^ reacting with 1.00 gram of AI+'^'^, (c) number 
of grams of BaSO-i obtainable from 2.00 grams of Al2(S04)3.18H2O, (d) number 
of grams of BaS04 produced by mixing solutions containing 3.00 grams of 
AI2 (804)3 and 4.00 grams of BaCb. 

A'us. (a) 2 , (6) 0 . 0556 , (c) 2.10 grams, (d) 4.48 grams. 

52 . From the reaction: 4FeS2 + IIO2 -*^ 2 Fe^ + 8SO0, calculate the fol- 
lowing: (a) number of moles of FeS2 required to form 1 F.W. of Fe^O?,, (b) num- 
ber of grams of oxygen required to react with 2.00 moles of FeS2, (c) number 
of millimoles of SO2 equivalent to 0.320 gram of O2, (d) volume of SO2 (standard 
conditions) accompanying the formation of 0.160 gram of Fe203. 

Ans. (a) 2, (b) 176 grams, (c) 7 . 27 , (d) 89.6 ml. 

§ 3 . Complete and balance the foilowng ionic equation for a reaction talcing 
place in the presence of acid: Fe^"'’ + Mn04~ — ^ Fe**"*"^ + Calculate 

from it the foilovdng: (a) number of gram-ions of produced from 1 gram- 
^ ion of Fe++ (b) number of millimoles of Fe2 (804)3. 91120 obtainable if 1 milli- 

mole of KMn04 is reduced, (c) decrease in the number of gram-ions of H"*" 
accompanying the formation of 1.00 gram of Fe"^'*’^, (d) number of grams of 
Fe2 (804)3 obtainable by mixing solutions containing 1.00 gram of FeS04.7H20, 
0.100 gram of KMn04, and 1.00 gram of H2SO4. 

Ans. (a) li, (h) 234, (c) 0 . 0286 , (d) 0.633 gram. 

64 . What weight of NHs is required to dissolve 0.120 gram of AgCl accord- 
ing to the equation: AgCl + 2NH3 — » Ag(NH3)2'’' + Cl“? 

Ans. 0.0285 gram. 

55. How^ many grams of IIS are required to precipitate the bismuth as 
Bi-iSs from an acid solution containing 100 mg. of dissolved bismuth? 

Ans. ' 0.0244 gram. 

56 . How many grams of H2SO4 are required to dissolve 0.636 gram of 
,, metallic copper according to the equation: Ou, + 2H2SO4 CUSO4 -f SO2 + 

2H2O? How many milliliters of gas are evolved (measured under standard 
conditions)? 


A ns. 1.96 grams. 224 ml. 
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5T. How many grams of anhydrous chi’omic chloride (CrCIg) coiiid be ob- 
tained from too mg. of K2Cr207 after reduction by H2S in tlie presence of HCl: 
CroO;"" + 3H2S “h 8H ■■ 2Cr'^'*‘'*' -h 3S + THgO? How many grams and how 

many milliliters (standard conditions) of H2S w'ould be required? 

Ans. 0.0723 grani, 0.0347 gram, 22.8 ml. 

58. How many grains of chromium are present in 0.250 gram of K2Cr207? 
"VVliat is the percentage of potassium in this compoiyid? 

59. What weight of alum, K2S04.Ai2S04.24H20, contains 0.200 gram of 
aluminum? What is the percentage of oxygen in the compound? 

60. What weight of sulfur is present in an amount of Na^SaO-j that contains 

(а) 318 mg. of sodium, (6) 1.00 gram-atom of oxygen? 

61. How many grams of nitrogen are present in LOO gram of each of the 
following: (a) NH.,, (6) PbCNOa)?., (c) FeS04.(NH4)2S04.6H20? 

62. What is the percentage of oxygen in each of the following: (a) H..0 

(б) FevS04.7H20, (c) K2S04.Cr2(S04)3.24H20? • - ^ 

63. Ignition of bismuth basic carbonate takes place according to the follow- 
ing equation; 2BiOH^ -> BioQs + 2CO2 + H2O. Calculate'the following; 

(а) number of formula weights of BhOs produced from 1 F. W. of the carbonate, 

(б) number of millimoles of CO2 accompanying the formation of 1.00 gram of 
BiuOa, (c) volume of CO2 (standard conditions) formed from 0.0200 gram of 
BiOHCOs, id) volume of gas (CO2 + water vapor) accompanying the forma- 
tion of 1 .00 millimole of Bi203. 

64. Convert the following to balanced molecular and ionic equations: 
FeCL 4- AgXOs -->■ Fe(N03)2 + AgCI . Calculate from them the following: 
(a) number of formula w'eights of AgCl obtainable from 1 F, W. of FeCL, 
{h) number of gram-ions of produced per millimole of AgCi, (c) number 
of grams of Fe(N03)8.6Il20 obtainable if 1.00 gram-molecular w^eight of 
AgXOa is used up, (d) number of grams of AgCi obtained by mixing solutions 
containing 0,700 gram of FeCL and 0.600 gram of AgNOs. IIow many grams 
of which reactant are left over? 

66^. Assuming that the reaction for the fusion of the mineral chromite with 
Na2C03 + NaNOa takes place according to the equation: 10Fe(CrO2)2 + 
l ^oCOa + M- NaXOa 5Fe203 -f 20 Na2CrQ4 + 7 ^ + ISCGsr^h^^any 
millimoles and how many milliliters (measured at 760 mm. and 0°C.) of gas 
are formed from that w’eight of Fe(Cr02)2 containing (a) 1,00 gram-atom of 
Cr, (6) LOO gram of Gr? 

66^. How many milligrams of NII3 are required to react with 27.2 mg. of 
HgsCh according to the equation: Hg2Cl2 -b 2X143 H gNHoC l -j- Hg + 
NH4-^ 4- C1-? How many grams of free mercury wmuld be formed? 

67. How many grams and how^ many milliliters (standard conditions) of 
H2S are required to precipitate the arsenic from an acid solution containing 
0.100 gram of XasAsOai 2ASQ3" 4- SHaS + 611"^ AS2S3 + 6H2O? How^ 
many grams (4 the sulfide would be formed? 
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68. iJie following equation: MnOr 4- ~f Jl'^' — > 

P04-r+ .-^^,1 ealciila,te from it the number of gram.s o:f FeSO-i.THijO re- 

quired t'O reduce tbcd weight of KlMiiCXi tha,t contains 0.250 gram of Mn. 

69. Balance the following equation: + Fe'^"'*" -f -h 

+ H2O. If 1.00 gram-molecular weight. o:f K-jCrO.i is dissolved in water 

and the solution acidified (2Cr04"^ + 2H"*‘ — •> CrgOz"' + HsO), how many grams 
of FeS04.(Nll4)2S04.6H:20 would be required to reduce the ehro.riiiuin in the 
resulting .solution? 

* . . . 

70. When used for the oxidl.'sing effect' of its nitrate, wliicii is the more 
ecjonomicai reagent, potassium .nitrate at 65 ce.nts pei* poi.i.'nd or sodium nitrate 
at 50 cents per pound? How much is saved per pound of the more eco.nomicai 
rea.gent? 


I 


i 

'#■ ■ 
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CHAPTER IV 

CONCENTRATION OF SOLUTIONS 



18. Methods of Expressing Concentration. — Solution reagents 
used in analytical chemistry are usually either (1) laboratory 
reagents the concentrations of vrhich need be known only ap- 
proximately, or (2) titration reagents the concentrations of which 
must be known to a liigh degree of precision. There are several 
ways of expressing concentration and it is important to have a 
clear understanding of Just what is meant in each case. In ana- 
lytical work the following methods of expressing concentration are 
most commonly used. 

19. Grams per Unit Volume. — By this method a concentra- 
tion is expressed in terms of the number of grams (or milligrams) 
of solute in each liter (or milliliter) of solution. A 5-gram-per- 
liter solution of sodium chloride is prepared by dissolving 5 grams 
of the salt in water and diluting to one liter (not by adding one 
liter of \vater to the salt). 

This method is simple and direct but it is not a convenient 
method from a stoichiometric point of view, since solutions of the 
same concentration bear no simple relation to each other so far 
as volumes involved in chemical reactions are concerned. Chemi- 
cal substances enter into reaction upon a mole-to-mole basis and 
not upon a gi’am-to-gram basis. 

20. Percentage Composition.— This method is on a percentage 
by-weight basis and expresses concentration in terms of grams of 
solute per 100 grams of solution. A 5 per cent of sodium chloride 
is made by dissolving 5 grams of the salt in 95 grams of water, 
which of course gives 100 grams of solution. 

21. Specific Gravity. — The specific gravit}^ of the solution of a 
single solute is a measure of the concentration of the solute in the 
solution. Although occasionally used in analytical chemistr}^, it 
is a cumbersome method, ■ since it ' necessitates consultingva; table 
in order to determine the percentage-by-weight composition. 
Tables of specific gravities of common reagents ai-e found in the 
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handbooks a,, nd other reference books of chemistiy. Tables cov- 
ering the common acids and bases are also in the Appendix of this 
text. Here it will be fonnd^ for example, that h3rdrocMoric acid 
■ of specific gravit}^ L12 contains 23.8 grams of hydrogen chloride 
in 100 grams of solution. 

22* Volume Ratios. — Occasionally in analytical work the con- 
centration of a rnineiml acid or of ammonium hydroxide is given 
in terms of the volume ratio of the common concentrated reagent 
and water. Thus HCl (1:3) signifies a solution of hydrochloric 
acid made by mixing one volmne of common, concentrated 
liydrochloric (sp. gr. about 1.20) with three volumes of water. 

' Similarbr H2SO4 (1:3) signifies a solution made mixing one 
volume of the commonly used concentrated sulfuric acid (sp. 
"gr. 1.84) with three parts by volume of water. This method of 
expressing concentrations is cumbersome, particularly in work 
where subsequent calculations involving the solutions are to be 
made. 

23. Molar and Formal Solutions. — A molar solution is one con- 
taining a gram-mole of substance dissolved in a liter of solufdon. 
This is usiiaU}" identical to a formal solution which contains a 
formula weight of substance in a Mter of solution (see Sec. 16). 
A gram-molecular weight of substance dissolved in a liter of water 
does not constitute a molar solution, for the resulting solution 
does not occiip^^ a volume of exactly a liter.^ A liter of molar 
(hi) sulfuric acid solution contains 98.08 grams of H2SO4; a liter 
of half-molar (J/'IM, O.SM, or M/2) sulfuric acid solution contains 
49.04 grams of ,H2S04. In tliis particular case 98.08 grams of H2SO4 
does not mean 98.08 grams of the ordinary concentrated sulfuric 
acid, but of hydrogen sulfate. The concentrated acid contains 
about 96 per cent of the latter. 

Since 1, mole of h^^drocMoric acid reacts mth 1 mole of sodium 
hydroxide, a certain volume of sodium h^^droxide solution will be 
exactly neutralized hj an eciual volume of hydrochloric acid of the 
same molar concentration, or twice the volume of hydrochloric 
acid one-half the molar concentration of the sodium hydroxide. 

t Solutions containing' gram-moiecular weight of substance dissolved in. 
1,000' grams of water are useful in computations involving certain, physico- 
chemical phenomena. Such solutions, are often referred to as molal solutions,, 
but this , standard Is .not , used in general .analytical work. 
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One molecule of iiydrogen sulfate Bill neutralize 2 molecules of 
sodium hydroxide. 

. Ho804 + 2 Na 0 H-^Na.£S 04 + 2H20 

To neutralize a certain volume of sodium hydroxide solution^ only 
one-half that volume of sulfuric acid of the same molar concentra- 
tion would be required. Volumetric calcjiiatioiis are therefore 
greatly simplified when concentrations are expressed in terms of 
moles of substance per unit volume of solution; for^ when so ex- 
pressed, the volumes of reacting solutions of the same molar con- 
centration, although not necessaril}^ equal, bear simple numerical 
relationships to each other. 

EXiiMPLE, — What volume of 0.6380 M potassium hydroxide 
solution will neutralize 430.0 ml. of 0.4000 M sulfuric acid? 
Solution: 

1 mole I:l 2 S 04 — 2 moles KOH 

430.0 ml. of 0.4000 molar solution contains 

~~ X 0.4000 = 0. 1720 mole H 2 SO 4 

0.1720 mole H 2 SO 4 = 0 = 0.3440 mole KOH 
1 ml. KOH contains 0.0006380 mole KOH 

. . * ...1 0.3440 t .J 


Volume 1 ‘equired 


0.0006380 ' 


539.3 ml. /im. 


24. Equivalent Weight and- Normal Solution —The equimlent ^ 
weight of an element or compound is that iveiglit equivalent in 
reactive po\ver to one atomic weight of hydrogen. The milU- 
equivalent weight is one thousandth of the equivalent weight. The 
gram-equivalent iveiglit is the equivalent iveight expressed in giains; 
the gram-milliequivolent weight is tlie millieqiiivaleni. Aveiglit ex- 
pressed in grains.^ The application of gram-equivalent weights 
to various types of chemical reactions will be taken up in detail 
in Part III, but simple cases, applying particularly to qualitative 
analysis, will be considered briefly here. 

^ The equivalent weight of a substance, like the atomic or nioiecular weight, 
is merely a number without a unit of weight; the gram-equivalent weight is a 
definite number of grams. However, wlien the connotation is eiea,r, the terms 
^'equivalent weight'^ and "milliequi valent weight” are frequently used to 
signify gram-equivalent weight and gram-milliequivalent weight, respectively. 
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■ The gram-equivalent weight of an acid, base, or salt involved 
in a simple metathesis such as a neutralization or precipitation 
is that weight in grams of the substance equivalent in neutralizing 
or precipitating power to 1 gram-ion of hydrogen (i.e,, 1.008 grams 
ofH+). 

A nonnal solution contains 1 gram-equivalent w< eight of solute 
in 1 liter of solution, ©r 1 gram-milliequivalent weight m 1 milli- 
liter of solution. The normality of a solution is its relation to a 
normal solution, A half-normal 'solution therefore contains in a 
unit volume one-half the weight of solute contained in its normal 
solution, and this weight may be expressed as' 0.5 N, N, or 
IS[/ 2 . The concentration 'of a noimal solution is expressed simply 
as N. 

Since the coiicentratioris of solutions used in precise volumetric 
a..iia.lysis are found experimentally, the concentrations can- 

not often be expressed by whole' numbers or by simple fractions. 
They are' more likely to be expressed as decimal fractions, 
0.1372 N. ' . ' 

25. Simple Calculations Involving EquivalentSj MiliieqtiivalentSj 
and Momiality. — The use of equivalents, milliequivaleiits, and 
normality is' so extensive in, analytical chemistry and the terms 
are so fiindariieiital that a clear understanding of them is essential 
at this time. More detailed discussions appljdng particularly to 
quantitative analysis will be given in. Part III. 

' Let us consider here only the 'simplest reactions bet'ween com- 
mon acids, bases, and salts, and as an example let us take stilfuiic 
acid. The molecular weight of H 2 SO 4 is'' 98.08. A mole, or gram- 
iBGleciilar weight, of Ii 2 S 04 is 98.08 grams, and a molar solution 
of the acid therefore contains this' amount of pure hydrogen sul- 
fate in a liter of solution. Since 98.08 grams of H 2 SO 4 has a neu- 
tralizing power equivalent- to 2 - gram-atoms (2.016 grams), of hy- 
drogen as an ion, , the gra'm-equivalent of ■H 2 SG 4 -, as an . acid is 
,98.08/2 = 49.04 gram.s, which is equivalent in neutralizing power 
to 1 gram-atom, (1.008 grams), of hydrogen .as an 'ion. ■ The gram-, 
millieqiiivalent weight is 0.04904'gram. A normal solution.: of stil-^ 
fmic^acid therefore contains 49.04 'grams' of- H 2 SO 4 ,iii,a liter' of, 
solution, or 0.04904 gram of H 2 SO 4 in - a '.millimeter . of solution. ■- 
A 1 iiioJar solution of sulfuric acid is 2 normal; a I normal solu- 
tion of sulfuric acid is yi molar.:', ' .t/ ' V.,. , . 
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Fig. 1. Gi'am-equivalent weights of some acids, bases, and salts. 

The gram-equivalent weight of a simple salt is determined in 
1 ^at of an acid or base, namely by reference to 

met standard. In the case of the .salt of a 

metal, the equivalent weight is ordinarily the molecular weight 
oi the salt dmded by the total oxidation number represented liv 
the atoms of metal in the formula 
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In each case the specified amount when dissolved in one liter 
of solution will produce a 1 normal solution. 

It follows that 1 liter of 1 N HCl will neutralize 1 liter of 1 N 
NaOHj or 1 liter of 1 N Ba(OH) 2 , or 1 liter of any one-normal 
base. One liter of 1 N H 2 SO 4 will also neutralize 1 liter of any 
one-normal base. More generally, a certain .volume of, any acid 
will neutralize the same volume of any base of the same normality. 

Similarly, 1 liter of 1 N AgNOs will precipitate the chloride 
from 1 liter of 1 IS! NaCI or 1 liter of 1 N BaCb, and the latter 
wiii just precipitate the sulfate from 1 liter of 1 N NaoS 04 or 1 liter 
of 1 N Fe 2 (S 04 ) 3 . 

We found that vdieii two solutions of equal molarity react, the 
^ volumes are in simple ratio to each other. But when two solu- 
tions of equal normalUy react, the volumes of the solution are 
equal. 

Since volumes of I'eagents in analytical chemistry are usually 
measured in milliliters rather than in liters, it is more convenient 
to consider a normal solution as containing 1 gram-milliec|uivalent 
weight per milliliter. Hence the number of gram-miliieqiiivalent 
weights present in a solution can be found from the simple rela- 
tionship : , . 

Number - of milliliters X normality =' 

number of gram-milliequivalent weights 
or 

ml. X N = number of me. wts. 

(See footnote, p. 38) 

Ihus, 2.00 ml. of 6.00 N HCl contain 12.0 inilliequivalent weights, 

liCI 

or 12.0 X = 0.438 gram of hydrogen chloride. This will 


exactly neutralize 12.0 millieciuivalents of any base, for, example, 
4.00 ml. of 3.00 N NaOH, or 4.00 ml. of 3.00 N NasCOg, or 80.0 ml 

of 0.150 NBa( 0 ,H) 2 , etc. 

It follows that when solutions A and B mutually interact to a 
complete, reaction, , 

nil. 4 X Nj. = ml.B X Njs 

^BIxample I. —What is the .approximate m.olarity and normality 
of, a 13,.0 per cent solution of,'H 2 S 04 ?-' To.- what -volume should 
100 ml. of the acid be diluted in order to prepare a 1.50 N solution? 





■Solution: From specific gravity ta,ble in the Appendix^ the 
specific gravity of the acid is 1.090. 

1 liter weighs 1,090 grams 

1 liter contains 1,090 X"0J30 = 142 grams HoSO-i 

1 mole H 2 SO 4 = 98.08 grams 

Molarity of solution = 142/98.08 = 1.45 M. Ans. 

1 gram-equivalent H 2 SO 4 = Ii 2 S 04/2 - 4&.04 grams 
Normality of solution = 142/49.04 = 2.90 N. 

100 ml. contain 290 milliequivalents H 2 S ()4 

After dilution x ml. of 1.50 N contain 290 milliequivalents 

T X 1.50 = 290 

X - 193 nil. Afis. 

Example II. — A solution contains 3.30 grams of Na 2 C 03 . 10 H 20 
in each 15.0 ml. What is its normality? What is its ■molarity? 
With how many milliliters of 3.10 N acetic acid, HC 2 HSO 2 ,, will 
25.0 ml. of the carbonate react according to the equation: 2H"^ + 
C'Os*" — > H 2 O -f CO 2 ? With how many milliliters of 3.10 N H2SO4 
vill 25.0 ml. of the carbonate react? 

Solution: 

Molecular wt. Na2CO3.10Ii2O = 286 

Equivalent wt. Na 2 C 03 . 10 H 20 = = 143 

Milliequivalent weight - 0.143 
3 30 

Solution contains = 0.220 gram per ml 

1 normal solution would contain 0.143 gram per ml. 

Normality = 1-54 N. Ans. 

y.j/io 

Molarity = - 0.77 M. 

X 3.10- 25.0 X 1.54 

- 12.4 ml HC2H3O2. Ans. 

- 12.4 ml H2SO4. Ans. 

Example III.— -(a) A 0.100 M solution of aluminum sulfate, 
Ah ( 804 ) 3 , would be of what normality as an aluminum salt? 
(b) What normality as a sulfate? (c) How many milliequivalents 
of the salt are contained in each milliliter? (d) What volume of 
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6.00 N NH4OH would be required to react with the aluminum, 
in 35.0 ml. of the salt solution according to the equation: + 

3NH4 OH Al(OIi )3 + 3NH4'^? (c) What volume of 6.00 N 

BaCl2.2H20 solution would be required to precipitate the sulfate 
from 35.0 ml. of the solution? (jf) How many grams of BaCl2.2H20 
are contained in each milliliter of the above solution? 

Solution: 

• 

(a) 1 mole Al 2 (S 04)3 = 6 equivalents (2 = 6H+) 

0.100 molar = 0.600 normal as A1 salt. Ans. 

(b) = 0.600 normal as sulfate. Am. 

(c) 0.600 milliequivalent per milliliter. Am. 

{d) ml .,1 X = ml.g X Ns 

a; X 6.00 = 35.0 X 0.600 
X = 3.50 ml. Ans. 

(e) ml..i X N.4 = ml.s X Ns 
a: X 6.00 = 35.0 X 0.600 
X = 3.50 ml. Ans. 

(/) 6.00 X = 0.732 gram. Am. 

Problems 

71. ^hat fraction of the molecular weight represents the milliequivalent 
weight in the case of each of the following acids, bases, and salts: (a) HoSiPc 
ib) HaAsOi, (c) HAO,, (d) ThOa, (e) (NR,)2S04, (/) ZnsCAsOs)^? 

A«s. (a) 1/2,000, (6) 1/3,000, (c) 1/4,000, (d) 1/4,000, (e) 1/2,000> 

(/) 1 / 6 , 000 . 

72. How many grams of K2SO4 are contained in 50.0 ml. of 0.200 N solu- 
tion? How many millimoles of KsS04 are present? 

Ans. 0.872 gram. 6.00 millimoles. 

73. A solution of HsS04 has a specific gravity of 1.150. What is the 
normality of the solution? 

4.90 N. 

74. What is the normality of a solution of NH4OH having a specific gravity 

?t “liUjliters of 13.0 N H^SO. would be neutralized by 

15.0 ml. of the ]SrH40H? To what volume should 250 ml of the 13.0 N H2SO4 
be diluted to make a solution that is 5.00 molar? 

Aws. is.oisr. U7.3mL 325inL 

^ 75. A 30 per cent solution of H3PO4 has a specific gravity of 1.180. What 
Kits^ normality as an acid assuming partial neutralization to form HPOr?' 
What IS its molar concentration? 

A7U. 7.22 N, 3J1 M. : ■ 
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are required to prepare 500 ml. of 
onOONtMo ^'"^"t'^^^l^o^olantyofthesolutioir? How many milHliter. 
of 1 00 N AgNOs would be required to precipitate the chloride from 20 0 ml 

of the strontium chloride solution? ' 

Ans. 36.6 grams. 0.275 M. 11.0 ml. 

Pr^smTsrn ■ ^ O'^OO N solution of 

0 900 Sn “ Tff milliliters of 

from 90 ^ S to precipitate all the chromium as Cr(OH). 

11 om -0.0 mi. of the original undiluted solution? ^ ^ 

Ans. 16.7 ml. 40.0 ml. 

K qn f P*®®® weighing 2.70 grams is treated with 75.0 ml of 

iisbUi (.sp. gr. 1.18 contaimng 24.7 per cent H.SO4 by weight). After the metni 

r “7“^ <“ + «H* - 2A1 - + 8H., the LbS ‘"SS 

to 400 ml. Calculate (o) normality of the resulting solution in free sulfuric 
ac id, (5 normahty of the solution with respect to the aluminum salt it contains^ 

0 to al volume of 6.00 N HH4OH required to neutralise the acid and preSb ^ 
tate all the aluminum as AI(OH)3 from 50.0 ml. of the solution. ’ ^ 

Ans. (a) 0.365 N, (5) 0.750 (g) 9 gp 








79. 'R hat IS the ^^-equivalent weight of each of the followdng acids bases 

of ?2o”m '^ nm^ rf neutraUzed by 15.8 ml 

of 3.20 M h.aOH? Plow many milliliters of 4.60 N H.C.O., 2fT n 

rcni^Vrf 5.10 H NaOH? ByWoiS oftw N 

IfrH of 5 loTS*" 

81. To what volume must 25.0 rnlof HCl fsD c-r 1 inn-i h.. .ni„. i- 

srSo =r?B.?oS? 71 ”“" 1 ,“; ss 

ig dSSlSS'’ ■“ •“ ■“““ «•» »' 

m!; HA 04 . 2 H ,0 has a specific gravity of 1 04 

o nn * 1 soMon as an acid? How many rnimiiters of 

3.00 molar KOH would be neutraUzed by 18.0 ml of the acid?^ 

83._How many milUliters of 0.600 N BaCl^ solution would be reauired to 
g-eeipitate all the sulfate from 10.0 millimoles of PeSO^ (nSiSHh 0 ° 

cnioricie from 8.30 ml. of the barium chloride solution? 

“HN0^?4'>? '^PP^ate normality of a solution of nitric acid marked 

86 . of H;P04 contains 0,500 naillimolener milhhfAr WVio+ - APt 

.10 „ . ph.opta.0, H=;X H 
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KOH would be required to form KH2PO4 with 5.00 ml. of the phosphoric acid? 
To wimt volume must 25.0 ml. of the original acid be diluted in order to make 
the solution 1.10 N as a phosphate? 

86. How many grams of FeCls are contained in 25.0 ml of 0.520 N ferric 
chloride solution? How many miinmoles of FeCls.OHaO could be obtained by 
evaporating the solution to dryness? How many milliliters of 0.200 N NH4OH 
are required to react with 25.0 ml. of the ferric chloride solution to precipitate 
Fe(OH) 3 ? 





CHAPTER V 


EQUILIBRIUM CONSTANTS 

26. Law of Mass Action. — In simple terms the law of mass 
action may be expressed as follows: The wie of reactio'n between 
two or more interacting mbstances in a mixture is proportional to 
the product of the prevailing active concentrations of the substances, 
A great many of the reactions of analjdieal chemistry are re- 
versible reactions. This means that the products of a given reac- 
tion interacty at least to some extent, to give the initial substances. 
Consider a general reversible reaction between substances A and 
B at a given temperature to give substances C and D according 
to the following equation : 

At the start of the reaction, only substances A and B are present. 
These i‘eact at a certain rate to give C and D and, as the latter 
are produced, the concentrations of A and B decrease. According 
to the law of mass action, the rate of the reaction between A and 
B at aiw gh^n moment is proportional to the prevailing concen- 
trations of A and B at that moment. In symbols this may be 
expressed as follows: 

Rate of reaction between A and B = k'[A][B] 

where [A] and [B] are the prevailing molar concentrations of A 
and B, respectively, and k' is a constant at a given temperature. 
As the concentrations of substances C and D increase, these sub- 
stances in turn react at a constantly increasing rate to produce 
A and B. The rate of this reaction at any moment is proportional 
to the pi'oduct of the prevailing concentrations of C and D. 

Rate of reaction between C and D = k"[C][D| 

When equilibrium has been established, these two rates are equal. 
Hence, 

[C][D] k- 

[A][B] k- 

In the reaction A + 2B ?=> C + D A + B + Bt± C + D), 
the rate of reaction between A and B is proportional to the con- 
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centration of A and to the square of the concentration of B. Hence, 
at equilibrium, 

[C][D] „ 

More generally, in the reaction wA + a;B + ■ ■ ■ yC + sD -f • • •, 
the equilibrium constant is expressed as follows: 

* r 

For the value K to be approximately a true constant, con- 
centrations must be relatively small (see Sec. 32). Furthermore, 
although in co.mpiitations involving chemical equilibria, concentra- 
tions are better expressed in terms of the number of moles of sub- 
•stance per kilogram of sohmit, for dilute solutions this is practically 
the same as the number of moles of substance per liter of solution ; 
and as the latter is consistent udth the definition of a molar solu- 
tion as used m analytical computations, it will be employed here 
m formulating mass-action expressions as well. In maas-action 
expressions molar concentrations will be represented as above by 
enclosmg in brackets the symbol of the element, compound, or 
radical in question. 

In general, if a solid substance is involved in a chemical equi- 
hbrium, its concentration is not included in the formulation of 
the mass-action constant, since the concentration of the solid is 
itself essentially a constant. The same is true of water in an 
equilibrium mvolving dilute aqueous solutions. Thus, the mass- 
action constant for the dissociation equilibrium 

. . • NHjOH ?=» NHs + H»0 

is simply 

[NHs] 

[NH 40 H]~-^ 

27. Ion Product Constant of Water.— Water dissociates slightly 

into li3^drogeia ions ^ and hydroxjd ions as follows: 

H20^H++0H- 

J Experiments indicate that the hydrogen ion is h^^^drated; It is therefore 

often axpressed as H 3 O+. This ion is called the hydronium im and is formed 
by the union of a proton with a molecule of the solvent. The use of this sTOibul 

-^dvautagerin 
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The ittass-action expression for this dissociation is simply 


since the concentration of undissociateci H 2 O in dilute aqueous 
solutions is essentially a constant and, as stated above, is omitted 
from mass-action expressions. In any aqueous solution, there- 
fore, the product of the molar hydrogen-ion concentration and 
the molar hydroxyl-ion concentration is a constant at a given 
temperature. This constant is called the ion product constant of 
water and at 25®C. has a value of 1.0 X 10“^^. 




K„. = 1.0 X 10"'^ (at 25°C.) 
(= 1.2 X lO-'s at 0°C.) 


(- 5.8 X at 100°C.) 


In pure v^ater the hydrogen-ion and the hydroxyl-ion concentra- 
tions are equal; at 25°C. each has a value of 1.0 X lO""'^ molar. 

28. pH Value.“It is often convenient to express hydrogen-ion 
concentrations in terms of the pH value. The pH value as used 
in analytical chemistry is simply the common logarithm of the 
reciprocal of the molar hydrogen-ion concentration. 


pH - log 


log [H+] = colog [IH] 


Similarly the pOH value, although less often used, is the loga- 
rithm of the reciprocal of the h 3 ^droxyl-ioii concentration. The 
pH value of pure water at 25®C. is 7. The pH value of acid solu- 
tions is less than 7; the pH value of alkaline solutions is greater 
than 7. In general at 25^0., 


pH + pOH = 14 


■ Example L — Miat is the ■ pH value and what is the hydroxyl- 
ion concentration of a solution that is M/1,000 in HO (effective 
ionization = 100 per cent)? 

■Solution:' ' 

[H+] - 0.001 - 1 X 10”^ 

pH = log = 3. .Ins. 


pOH= 14-3 = 11 
[0H-]=lXl0-o Ans. 


1 
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Example II. — The hydrogen-ion concentration in a certain 
dilute solution of sulfuric acid is 2.0 X lO-h What is the pH 
value? Wliat is the pOH value? 

Solution: 

pH = log 2.0 X 10-’ "" 0.2 X 10-^ "" ^ "" 

• log 10< + log 5 = 4 +- 0.70 = 4.70. Am. 
pOH = 14 — 4.70 ~ 9.30. Ans. 

ExAxMPLE III. — The pH value of a certain solution is 5.92. 
What is the pOH value, the hydrogen-ion concentration, and the 
hydroxyl-ion concentration? 

^ Solution: 

pH + pOH = 14 

pOH - 14 - 5.92 - 8.08. /ins. ■ 

[H+] = 10"^-«2 = 10 + 0.08 X 10”6 == 1.20 X 10”l Ans. 
[H+][OHi = 1.0 X 10-“i^ 

1 0 V in-n 

Problems 

(Temperatures are 25°C.) 

87. (a) is the pH value of a solution in which the hydrogen-ion 

concentration is 2.8 X lO"^? Is the solution acid or ahmline? (b) What is 
the hydrogen-ion concentration of a solution with a pOH value of 4.17? Is 
the solution acid or alkaline? 

Ans. (a) 2.55, acid, (h) 1.5 X IQ-i", alkaline. 

88. What is the pH value of 0.010 molar HCi (100 per cent ionized)? Of 
0.30 molar NaOH (90 per cent effective ionization)? Of a solution of HCI in 
ivliich the hydrogen-ion concentration is S molar? 

Ans. 2.0. 13.43. , - 0.90. 

89. hat is the hydrogen-ion concentration * of a solution in which oH =* 

0.55? ^ ^ 

Ans. : 3.6 molar. 

90. (a) Given pH = 10.46. Calculate IH+], [OH"], and pOH. (6) Given 
[OH-] - 5.6 X 10-2. Calculate [H+], pH, and pOH. 

Ans. (a) 3.5 X 10-“, 2.9 X lO-^, 3.54. (6) 1.8 X 10-“ 12.75, 1.25. 

91. (a) What is the pOH value of a solution in which the hydrogen-ion 
concentration is 5.3 X 10-’? Is the solution acid or alkaline? (6) What is the 
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hydroxyl-ion concentration of a solution in which the pH value is 9.27? Is 
the solution acid or alkaline? 

92. What is the pH value of 0-050 molar HNOs HOO per cent ionizedV? 
Of 0.80 molar KOH (effective ionization = 85 per cent)? Of a solution of HCl 
in which the liydrogen-ion concentration is 5.0 molar? 

93. What is the hydroxyl-ion concentration of a solution in which pOH = 
- 0.27? 

94. (a) Given pOH =: 5.80. Calculate [H+], [Cli”], and pH. (h) Given 
[H]+ = 3.1 X 10-‘h Calculate [OH"), pH, and pOH. 

29. Ionization Constant — The law of masis action can be applied 
to the equilibrium in dilute solution between the molecules of a 
weak acid or weak base and its ions. Thus acetic acid, IiC 2 H 302 , 
is partially ionized in solution as follows : 

HC2H3O2 ^ + C2H3O2- 

Therefore, 

[H^][C2H«0.r ] ^ - 

[HC2H3O2] 

That is, in a solution containing acetic acid, the total molar con- 
centration of hydrogen ions (from whatever source) multiplied by 
the total molar concentration of acetate ions (from whatever 
source) divided by the molar concentration of un-ionized acetic 
acid, is a constant at a given temperature. This value is called 
the ionization constant of acetic add. Its ^^alue at 25'^C is 1.86 X 


A similar mass-action expression can be set up for the ionization 
of a solution of ammonia in water. Here ammonium hydroxide 
molecules are presumably formed which, in turn, dissociate par- 
tially into ammonium ions and h 3 ^droxyl ions. 

NH^OH^NW + OH- 

The ionization constant is therefore usually written 

[NH4^][OHi ^ .. 

[NH4OH] 

Since ammonium hydroxide molecules (if they exist at all) are in 
equilibrium with ammonia and water, the equilibrium is more 
generally expressed as 

NH3 + H2O ^ (NH4OH) ^ NH4+ + OH- 
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and the ionization constant can be written 
[NH4+][0H-] „ 

[ni 5] 

In either case the total concentration of NHs, either dissolved as 
such or combined as NH4OH, is used in the denominator of the 
fraction, so the numerical value of the constant is the same in 
the two cases. At 25°C. it is 1.76 X 10~®. 

The ionization constants of a few weak acids and bases are 
given in the Appendix. 

Example I. — What is the ionization constant of acetic acid at 
a certain temperature if in tenth-molar solution it is 1.3 per cent 
ionized? 

HC2H3O2 ^H+ + C2H3O2- 

Solution: If 0.10 mole of HC2H3O2 were completely ionized, 
it would give 0.10 mole (or 0.10 gram-ion) of H+ and 0.10 mole 
(or 0.10 gram-ion) of C2H3O2-. Being only 1.3 per cent ionized, 
it gives 0.10 X 0.013 = 0.0013 mole of H+ and 0.0013 mole of 
C2H302~, lea\ung 0.0987 mole of undissociated HC2H3O2 mole- 
cules. The molar concentrations are therefore as follows: 

[H+] = 0.0013 
[C2H3O2-] = 0.0013 
[IIC2H3O2] = 0.0987 

Substituting these in the above expression for the ionization con- 
stant of acetic acid, we get 

(0.0013) (0.0013) 

0.0987 - ^ 

K = 1.7 X 10~®. Ans. 

Example II.— At 25°C. the ionization constant of acetic acid 
is 1.86 X 10-1 What is the molar concentration of hydrogen ions 
in a 0.20 molar solution of acetic acid at 25'’C.? 

Solution: 

Let X = molar concentration of H+ 

Then 

X = molar concentration of C2H3O2- 

and 



0.20 - x = molar concentration of undissociated HC2H3O2 
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Solving, 


!H3g^.K-1.86X10-. 

x= 1.9 X 10“® mole per liter. Ans. 

Numerical values in mass-action expressions need not be ex- 
pressed to more than two or, at the most, three significant figures. 
Therefore simplifying assumptions can often be made. In the 
above fractional equation, the value of x is so small compared 
with the value 0.20 from which it is subtracted, that it is well' 
within the limit of precision to write 

= 1.86 X 10-“ 


0.20 


and thus avoid solving a quadi-atic equation.^ 

30. Common Ion Eflfect. Buffered Solution. — Suppose into a 
dilute solution of acetic acid is dissolved a considerable quantity 
of sodium acetate, i.e., a higlily ionized salt of acetic acid. The 
total acetate-ion concentration is greatly increased, but since the 

, , [H+KCoHsOr] V. . K • 

equilibrium constant tj /-> ~ = Nhc-h-o. must be mam- 

JnLL 2 W 3 v /2 

tained, the greater part of the hydrogen ions present must unite 
mth acetate ions to form more of the imdissociated acetic acid 
molecules. In other words, the eciiiilibrium reaction HC2H3O2 
H+ + C2H3O2" must go to the left to a degree sufficient to rees- 
tablish the numerical value of the constant. The solution there- 
fore becomes much less acidic, with a hydrogen-ion concentra- 
tion only slightly greater than that of pure water. 

A similar case is one in which an ammonium salt is added to a 
solution of ammonium hydroxide. The common ion, NH.r , re- 
presses the ionization NHs + H2O (NH4OH) ^ NH4+ + OH- to 
a very great extent, for in order to maintain the eciiiilibrium con- 
stant — = Kj "tbe hydroxyl-ion concentration must be 
UNH3J 

^ In cases where such simplifying assumptions cannot be made, the formula 
for solving the general quadratic equation 

b ±VW 


ax^ + -h c — 0, is a; 


4ac 


2a 



31. Ionization of Polybasic Acids. — Polybasic acids like H 2 S, 

H2CO3, H3PO4, etc., ionize in /Steps,, and a mass-action expression 
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greatly decreased. The resulting solution is only slightly more 
basic than pure water. 

In each of the above two cases the solution is said to be buffered 
by the conimoii ion added. The acetic acid-sodium acetate com- 
bination, for example, has a low hydrogen-ion concentration which 
is little affected even by the addition, of small amounts of a strong 
acid, for the additionayiydrogen ions merely unite with the acetate 
ions (still present in excess) to give more acetic acid, the ioniza- 
tion of which is repressed by the acetate. Similarly, the basicity 
of a buffered ammonium hydroxide solution is not much affected 
even by the addition of small amounts of a strong base like sodium 
hydroxide. 

Buffered solutions are much used both in qualitative and quanti- 
tative anal 3 ^sis to effect certain separations of elements where a 
carefully controlled hydrogen-ion or hydrox^d-ion concentration 
is essential. Problems covering some of these separations are in- 
cluded in this book. 

Example. — What is the hydrogen-ion concentration in 500 ml. 
of a 0.10 molar solution of acetic acid at 25°C. if the solution con- 
tains an additional 2.0 grams of acetate ions added in the form 
of sodium acetate? (Kho.h^o. = 1-86 X 
Solution : 

2 grams C 2 H 3 O 2 "" per 500 ml. = 0.068 mole per liter 
Let X = concentration of H+ ions 


Then 


and 


{x)(x + oms) 


1,86 X lo- 


co. 1 - x) 


(x) (0.068) 


= 1.86 X 10- 


0 . 1 ) 


X -f 0.068 = concentration of C 2 H 3 O 2 - ions 


Therefore, 


or approximately. 


0.1 — X =» concentration of un-ionized HC 2 H 3 O! 
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= K2 = 1.2 X 10 - 


1.1 X 10 - 2 =! 


can be written for each step. Thus, H2S ionizes to form H+ and 
HS-, in which case the ionization constant is 

= 9.1X10- 

The HS"” ions are further ionized into and in which case 

[H+][Si _ 

[HS-] ^ 

Multiplying the two equations one by the other gives 

[H+]2[S-] .. 

[HS] 

A saturated solution of H 2 S is about 0.10 molar, and [H 2 S] = 
0.10. Therefore in cases w^here metallic elements are precipitated 
by saturating their solutions with H 2 S, [H+]2[S^ = 1.1 X 
It is seen that the primaiy ionization of H 2 S is much greater 
than the secondary ionization and that the ionization cannot be 
correctly expressed by the equation li 2 S ^ 2H+ + S“. The con- 
centration of ions in a solution of H 2 S is not twice that of the 
ions. The primary" ionization of any polybasic acid is much 
greater than the secondary ionization. 

Ex.\mple I. — What is the approximate hydrogen-ion concen- 
tration in a solution of hydrogen sulfide which is 0.07 molar in H 2 S? 

TTfTIT/'i'Vr • TtI d X J L J 


Solution: In solving this problem, the expression 


1.1 X 10“"-- cannot be used since neither [H+] nor [S""] is known 
and there is no simple relation between them. On the other hand, 
although H 2 S is ionized in two steps, the first ionization is so much 
greater than the second ionization that, for the purpose of obtain- 
ing an approximate answer, the latter may be considered negligible. 
In other words, practically all of the hydrogen ions may be con- 
sidered to come from the ionization of H 2 S into and HS"". 
Therefore [H*^] and [HS~] are practically equal in value and 

= 91 X 10 - 
[H2S] X 


= 9.1 X 10 - 

8 X 10~® mole per liter. Ans, 
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Example IL— What is the concentration of ions in 200 mi. 
of a solution that is 0.05 molar in H 2 S and that by the addition 
of HCl contains a total of 0.12 equivalent of ions? 

Solution: 


Let X = molar concentration of S'" ions 
0.05 — X == approx. 0.05 = concentration of undissociated H 2 S 
0.12 X 5 ==j0.6 = concentration of ions 
(0.6)HV) 

(0.05) ' 


K = 1.1 X 10" 


X == 1.5 X 10““® mole per liter. Am, 

32« Activity and Activity Coefficients. — In analytical chemistry 
mass-action calculations are usually applied to equilibria involving 
electrolytes in solution. As solutions of electrolytes are made pro- 
gressively more concentratedj the quantitative effect on such prop- 
erties as conductivity and freezing-point lowering becomes pro- 
gressively less than that calculated solely from the net change in 
molar concentration. This is likewise true of mass-action equi- 
libria. This phenomenon was formerly explained assuming 
that electrolyses are less completely ionized in more concentrated 
solutions; that the degree of ionization approaches 100 per cent 
only" as dilution approaches infinity. A more satisfactory explana- 
tion is based on the assumption that most salts and the so-called 
strong acids and bases are practically completely ionized in all 
aqueous solutions but that the effective concentration^ or activity^ 
of the ions is decreased because of forces of attraction between 
the positive and negative ions. These forces become less at higher 
dilutions' since the ions are farther apart. 

In mass-action expressions, therefore, activities or effective eon- 
ceiitrations, rather than molar concentrations should be used for ac- 
curate results. The activity (a) of an ion or molecule can be found by 
multiplying its molar concentration (c) by an activity coefficient (/). 

a==/c 

Am mtimty coefficient is therefore a factor which converts a molar 
concentration to a value which expresses quantitatively the true 
mass-action effect. Thus, the ionization constant of acetic acid 
is.coiTectly expressed as ^ . 

y-jr 

/3[HC2Ha02] A ^ 
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where /i, /o, and /s are the activity coefficients of the hydrogen, 
ion, the acetate ion, and the acetic acid molecule, respectively. 

The numerical value of an activity coefficient is not always 
easy to determine, since it depends on many factors such as tem- 
perature, the number of charges on the ion, and certain electrical 
properties of the solution. In the case of relatively dilute solu- 
tions (e.g., 0.01 formal or less) and particiiljsrly for univalent ions, 
activity coefficients are not far from unity, and so no great error 
is introduced when molar concentrations are used in place of ac- 
tivities. Since concentrations in most anatytical operations are 
relatively low and since a high degree of precision is seldom re- 
quired in analytical computations involving mass-action constants, 
activity coefficients can be omitted without much error. They are 
therefore not included in the calculations in tliis book. 

33. Dissociation Constants of Complex Ions. — A complex ion, 
by definition, is one that is in equilibrium, with its constituents. 
These constituents are ordinarily a simple positive ion and either 
a neutral molecule or a negative ion. The mass-action principle 
can be applied to dilute solutions of such ions. Thus the copper 
ammino (or copper ammonio) ion, Cii(NH 3 ) 4 ‘^j ionizes slightly 
as follows: 

Cu(NH3)4-^ Cir^+ + 4NH3 
Its dissociation constant is therefore expressed thus, 

igHr3tW^K(-46xlO-») 

[Cu(NH3)4++] '■ ^ ^ 

This means that in a dilute solution containing the complex ion, 
the total mola.r concentration of the simple cupric ions present, 
multiplied by the fourth power of the total molar concentration 
of ammonia (NHs + NH4OH), divided by the molar concentra- 
tion of the undissociated complex ion, is a constant at a given 
temperature. 

Complex ions of this type frequently encountered in analytical 
chemistry are Ag(NH 3 ) 2 +, Gu(NH 8 ) 4 ++, Cd(NH 3 ) 4 ++, Ni(NH 3 ) 4 ++, 


Co(NH 3)6+^, and Zn(NH3)4 ' ■ . 

Important cyanide complexes include Fe(CN)6-, Fe(CN)6“. 
Ag(CN) 2 - Cd(CN)4“, Cu(CN) 3“ Hg(CN)4= Co(CN)6% and 
Ni(CN)4“. Halide complexes like SnCle" and Hgb”" and oxalate 
complexes like Mg(Cs 04 ) 2 “ are also common 
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Example I. — What is the molar concentration of mercuric ions 
and of cyanide ions in a tenth-molar solution of K 2 Hg(CN) 4 ? 
(Dissociation constant of Hg(CN)4'' = 4.0 X 10“^^.) 

Solution : 


[Hg++][CN-]^ 

[Hg(CN)4-] 


= 4.0 X 


10-42 


Let X = concentration* of Hg++ in the dissociation: 

Hg(CN)4= Hg++ + 4CN- 


Then 


0.10 - .-E 


/ 


4x == concentration of CN"" 

= 0.10 (approximately) - concentration of Hg(CN) 4 "" 


0.10 


= 4.0X 10”^'' 


.t; == 1.1 X 10"^ molar Hg++. 

4x = 4.4 X 10~‘‘^ molar CN". xlns. 


ExiiMPLE II. — Wliat is the dissociation constant of Ag(NH 3 ) 2 "^ 
if a solution of 0.20 formula weights of AgCl, in sufficient excess 
NH4OH to give a total ammonia concentration of 2.0 molar and 
a total volume of one liter, has a silver-ion concentration of only 
0.00037 mg. per liter? 

Solution: 


[ Ag-i-][NHa]^ ^ „ 
[Ag(NHa)2+] 


[Ag+] = 


0.00037 X 10-’ 
108 


= 3.4 X 10”® mole per liter 


[NHs] = 2.0 

[Ag(NH 3 ) 2 ’*'] = 0.20 (approximately) 

(3.4 X 10-®) (2.0)® „ 

0.20 ^ 

= 6.8 X 10”®. Am. 


Problems 

(See Appendix for ionization constants and dissociation constants. Tem- 
peratures are 25'’C. unless otherwise specified.) 

96. A certain organic acid has one replaceable hydrogen and in 0.010 molar 
aqueous solution is 0.18 per cent ionized. What is the ionization constant of 
the acid? 

Aras. 3.2 X 10-8. 


i 

I 

£ 
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96. Lactic acid is a monobasic acid with an ionization constant of 1.6 X 
What is the lactate-ion concentration in a 0.50 X solution of the acid? 

Ans. 8.9 X molar. 

97. What is the molar concentration of each of the three constituents of 
acetic acid in 0.050 X solution? 

Ans. H+ - 0.00096, C2H3O2- - 0.00096, lK\JhO, = 0.049. 

98. What is the concentration of a solution of XH4OH if it is 3,0 per cent 
ionized? If it is 0.50 per cent ionized? 

A71S. 0.020 molar. 0.72 molar. 

99. Formic acid is a monobasic acid that is 3.2 per cent ionized in 0.20 molar 
solution. What is the ionization constant of formic acid, and what is its 
percentage ionization in 0.050 molar solution? 

Ans. 2.1 X 10'^'*, 6.4 per cent. 

100. What is the hj-drogen-ioii concentration in a 0.10 normal solution of 
acetic acid containing sufficient dissolved sodium acetate to give a total acetate- 
ion concentration of 0.85 mole per liter? 

Ans. 2.2 X 10~° molar. 

101. What is the hydrogen-ion concentration and the pOH value of a 0.010 
molar solution of hypochlorous acid at 25^0.? 

Ans. 2 X lO"*^ molar, 9.30. 

102. What is the pH value of a 0.30 normal solution of NH4OH? What 
is the pH value of a 0.30 normal solution of X^H40H containing sufficient dis- 
solved NH4CI to give an ammonium-ion concentration of 1 .2 moles per liter? 

Ans. 11.36. 8.63. 

103. Approximately how many grams of acetate ions should be dissolved 
in a liter of 0.10 M acetic acid in order to cut down the hydrogen-ion con- 
centration one hundredfold? 

Ans. 8 grams. 

104. To wdiat volume should 100 ml. of any weak 0.30 mola,r monobasic 
acid or mono-acidic base be diluted in order to triple its percentage ionization? 

Ans. 900 ml 

106. What is the approximate concentration of sulfide ions and of hydro- 
sulfide ions (HS’“) in a 0.070 molar solution of hydrogen sulfide? {Hint: As- 
sume that practically all the hydrogen ions come from the primary ionization.) 

A 71 B, 1.2 X 10"'^^ molar, 8 X lO'"^ molar. 

106. Calculate the concentration of sulfide ions in a solution which is 
0.080 molar in HjS and contains sufficient HGl to give a pH value of 3.40. 

Ans. 5.5 X 10"^^ molar. 

107. What is the approximate molar concentration of silver ions and of 
cyanide ions in a tenth-molar solution of EA.g(CX')2? [Dissociation constant 
of Ag(CN).r - 1.0 X 10-21]. 

Ans. 3 X 10“® molar, 6 X 10“** molar. 
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108. What are the approximate molar concentrations of ISTa^, Cd+ CN'"', 
and Cd(C.N) 4 *' in a solution made by dissolving 0.020 P.W. of Na:. 2 Gd(CN )4 in, 
water and diluting to one liter? 

Ans. [Na+] = 0.040 molar, [Cd++] = 6.4 X 10“^ molar, [CN"] = 2.5 X 
10"‘^ molar, [Cd(CN)4""] = 0.020 molar. 

109. If 100 milligrams of AgCl are dissolved in excess ammonium hydroxide 
to give a volume of 500 ml. of solution, and the total concentration of ammonia 
is 0.30 molar, what is the «iiver-ion concentration? Dissociation constant of 
.AgCNIls)^-^ = 6.8 X 10-8. 

Aws. 1.06 X IQ-'^ molar. 

110. What is the concentration of Cd++ ions in a solution 0.040 molar in 
CdCNHiOi'^''^ and 1.5 molar in NHa? 

Ans. 2.0 X molar. 


111. A certain organic amine acts as a mono-acidic base in aqueous solu- 
tion. A 0.05 molar solution is found to give a hydro.xyl-ion concentration of 
7.5 X 10-^’ molar. What is the ionization constant of the base? What is its 
pH value? 

112. Lactic acid (HCaHsOa) is a monobasic acid with an ionization constant 
at 25°C, of 1.6 X 10“'^. In a tenth-molar solution how many grams of lactic 
acid are present in the un-ioiiized form? 

113. What is the molar concentration of the three constituents of benzoic 
acid in 0.080 M solution at 25®C.? What is the pH value? 

114. What molarity acetic acid is 2.0 per cent ionized at 25°C.? 

115. Ethylamine is a derivative of ammonia and in aqueous solution is basic 
like ammonia. At a certain temperature ethylamine in 0.30 molar solution 
gives a hydroxyl-ion concentration of 1.3 X IQ-^ molar. What is the ioniza- 
tion constant of ethylamine at that temperature, and what is its percentage 
of ionization in 0.20 molar solution? 

116. Calculate the cyanide-ion concentration and the percentage ionization 
of a 0.030 molar solution of hydrocyanic acid. 

117. Calculate the hydrogen-ion concentration of a solution at 25'^G. con- 
taining 25 ml. of 4 N acetic acid in a total volume of 1,200 ml. Calculate the 
hycirogen-ion concentration in the same solution after adding 15 grams of 
sodium acetate (assuming the effective ionization of the salt to be 85 per cent) . 
What is the pH '.value in each case? 

118. To what volume should 50 ml. of any weak 0.20 molar monobasic 
acid be diluted in order to double its percentage ionization? 

119. In a 0.20 molar solution of ammonium hydroxide, what percentage of 
the base is im-ionized? What is its pH, value?,. 

120. Approximately : how many grams of NH4+'ions should be dissolved^ 
mto a liter of 0.20 M NH4OH in order to cut down the concentration of hy- 
droxyl ions to one-fiftieth its previous value? 
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121. What is the pH value of a 0.25 normal solution of acetic acid? What 
is the pH value of a 0.25 normal solution of acetic acid containing siifhcient 
dissolved sodium acetate to give an acetate-ion concentration of 2,0 moles per 
liter? 

122. What are the approximate concentrations of HCO*r and of Q.Oc in a 
0.0010 molar solution of carbonic acid? (Hint: Assume that practically all 
of the hydrogen ions come from the primary ionization, of the acid.) 

123. What is the sulfide-ion concentration of a solution 0.090 molar in H2S 
and containing sufficient liCl to give a pH value of 4.50? 

124. What are the approximate molar concentrations of K+ Hg’^+ HgH” 
and 1“ in a solution made by dissolving 0.010 F.W. of KsHgH in water and 
diluting to one liter? (Dissociation constant of Hgl,r = 5.0 X 

125. What is the approximate molar concentration of cyanide ion in a 
solution 0.010 molar in K4Fe (01^)6? 

126. If 50 milligrams of AgCl are dissolved in excess NH4OH (AgCl + 
2NH4OH Ag(jSrH3)2"'' + Cl~ -f- 2H2O) and the resulting solution is 0.50 
formal in NH3 and has a volume of 500 ml, what is the concentration of Ag+ 
ions in formula weights per liter? 

127. What is the molar cyanide-ion concentration of an aciueous solution 
containing 0.020 F.W. of K2Ni(CN)4 per 500 ml? \¥hat is the concentration 
of Ni++ in such a solution if sufficient additional KCN is present to give a total 
cyanide concentration of 0.10 molar? 

128. If 0.10 F.W. of Hg(N03)2 is treated with excess ISra2S solution in the 
presence of NaOH, the precipitate of HgS that first forms dissolves to give 
HgS2^ ions. If the dissociation constant of HgS2““ is 2 X 10~s5 and the suifide- 
ion concentration of the solution is 2.0 molar, what is the concentration 
of Hg+-^? 

34. Solubility Product. — A very important equilibrium constant 
applies to a saturated solution of a slightly soluble, completely 
ionized salt. Most of the precipitates encountered in analytical 
chemistry belong to this category. 

Consider the simple case of a saturated solution of silver chloride 
in equilibrium with some of the imdissolved salt. What little silver 
chloride is in solution is completely ionized, and the equilibrium 
can be written 

AgCl (solid) Ag+ + C1"“ 


The mass-action equilibrium constant is expressed simply as 


[Ag+][Cli = K^^ei 
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where /i and /2 are the respective activity coefficients of the two 
ions (see Sec. 32). These coefficients are only slightly less than 
■ 1 .00 in value. 

This constant, applying as it does to a saturated solution of a 
slightly soluble salt, is called a soluhility product (Ks.p.). The 
numerical value of the solubility product of silver chloride at 
25°C. is 1.0 X 10“^^. n This means that in a solution saturated 
with silver cMoride at this temperature the total molar concen- 
tration of silver ions in the solution multiplied by the total molar 
concentration of chloride ions equals 1.0 X 10“^°. Conversely, ' 
wlien the product of the total concentration of silver ions and 
the total concentration of chloride ions in any solution exceeds 
this value, a precipitate of silver chloride is obtained under con- 
' ditions of stable equilibrium. 

Lead chloride ionizes as follow^s: 

PbCL Pb++ + 2CI- 
Its solubility product is tlierefore 

[Pb+-^][Cli*^ = Kp,cu 

Here the square of the total chloride-ion concentration must be 
used. In terms of activities, the solubility product is 

/i[Pb+-1X/2m‘^-IW 

In most mass-action calculations two significant figures are all 
that are warranted by the precision of the data and of the con- 
stant itself. The precision is much less in calculations involving 
the solubilities and solubility products of the more insoluble hy- 
droxides and sulfides. These values are usually known only very 
approximately, for the composition of a precipitate of this type 
may be quite variable. 

Exi\,MPLE I. — ^What is the solubility product of AgsP 04 if the 
solubility of , the salt is 6.5 X 10“^ gram per liter? 

Solution: 6.5 X 10~’^ gram per liter == (6.5 X 10“^)/418.7 « ' 

1.6 X 10"”^ mole per liter. Thesaltis 100 per cent ionized as follows: ' ' 

Ag3P04-»3Ag+ + P0r i 

Therefore, ! 

[Ag+] = 3X 1.6X 10"^ 

[P04"^] = 1.6 X 10~5 : 

: : (3 X 


1-1.8X10"'". Am 
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Example II. — ^The solubility product of CaF 2 is 3.2 X IQ-ii. 
^0'' many grams of Ca"*^ are present in 500 ml. of a saturated 
solution of CaF 2 ? Hoav many grams of CaCIa can be dissolved 
in 500 ml. of a solution containing 9.5 grams of fluoride ions? 
Solution : 

Let X — molar concentration of Ca"^" 

Then 

2x = molar concentration of F“ 

(a;)(2r)2 = 3.2 X 10-“ 

a; = 2.0 X lO-"* mole per liter 

2.0 X 10-* X 40 X I = 0.0040 gram Ca++ per 500 ml. Ans. 

9.5 grams F- per 500 ml. = 1 mole F" per liter 
Or)(l)‘^ = 3.2 X 10-“ 

^ — 6.2 X 10-“ mole Ca"*^ per liter 
3.2 X 10-“ X 111 = 2.9 X 10-® gram CaCh per liter 

= 1.45 X 10-8 gram CaCL per 500 mi. rlns. 

ExaxMple III.— What is the hydroxyl-ion concentration in a 
solution of sodium hydroxide having a pH value of 11.6? How 
many grams of magnesium could remain dissolved in 500 ml. of 
such a solution [solubility product of MgfOH).. = 3.4 x 10-“]? 
Solution: 


[OH-j = 


10-11.6 = 10<-12 + 0.4) Qj. 1Q12.4 

2.52 X 10-“ (.since antilog 0.4 = 2.52) 
1.0 X 10-“ 

9 ^9 V 1 n -— 12 ~ 3.98 X 10 Atis. 


^ ~ ^2 X 10-“ 

pOH = 14 - 11.6 = 2.4 
[OH-] = 10-2“ = 10» « X 10-2 
[Mg++][OH-]2 = 3.4 X lG-“ 

[Mg++1 = _ 2 1 

» J 7q oo V/ — 4.1 


3.98 X 10-2. 


[Mg++] = gg ^ 10-3)2 = 2.1 X 10-® mole per liter = 

2.55 X 10-2 gram per 500 mi. Ans. 

36. Fractional Precipitation.— Ordinarily when a precipitating 
agent is added^sloivly to a solution containing two ions capable 
ol being precipitated by the agent, the substance with the lesser 
solubility AviU precipitate first. The point at ivhicli the second 
substance will precipitate can be determined from the solubility 
products of the two precipitates. 
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Suppose to a solution 0.10 molar in Ba++ and 0.10 molar in 
Sr+^- is added gradually and in very minute quantities a solution 
of Na2S04. Insoluble BaS04 (solubility product, Ksasoi = 1-1 X 
10-10) precipitates first, then SrS04 (Ksrso, = 2.8 X 10^) begins 
to precipitate, d he ratio of the two solubility products is as follows: 

[Ba^^][S04=] 1.1 X 10-1® 

[Si-++][S04=] 2.8 X 10-^ 

Therefore, 

[Ba++] 

[Sr-' 


= 0.00039 


At the point where SrS04 just begins to precipitate (and the con- 
centration ol Sr++ is still 0.10 M) the barium-ion concentration 
will have been reduced to 0.000039 molar, since 

M . 0.00039 

Separation of the two cations is therefore nearly complete at this 
point. 

In qualitative analysis the preparation of a solution of a water- 
insoluble salt for the anion tests is usually made by metathesis 
of the solid with a solution of NaaCOj. The extent of metathesis 
can be determined, roughly at least, from the solubility product 
of the original salt and that of the insoluble compound of the 
metal formed by the metathesis. 

E3C4.MPLE.--If lead iodide (PbB) is boiled wdth 2.0 M Na2C03 
solution, the insoluble lead iodide is converted to the more in- 
soluble lead carbonate (P^ + CO,- 21- + PbCOa) . Assuming 
that sufficient Pbl, is present to give equilibrium conditions be- 
tween the two insoluble substances and that the solubility products 
?A-8 PbCOs at the temperature of the solution are 2.4 X 

10 and 5.6 X 10-», respectively, what would be the concentra- 
tion of iodide ion in the resulting solution? 

Solution: 

gb*^ [I-F 2.4 X 10-« 

[PbrH1[C03=] 5.6 X 

ri-p 

yr = 4.3 x W 


11 
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This concentration is of course impossible to attain^ not only be- 
cause of the limited solubility of the Nal formed^ but also because 
the Pbl2 is completely metathesized before the equilibrium condi- 
tion is reached. The result merely shows that Pbl2 is readily 
and completely metathesized by Na2C03 solution. 

Problems 

r 

(Temperatures ai’e 25°C. unless otherwise specified. A table of solubifity 
products is given in the Appendix.) 

129. A saturated solution of barium fluoride, BaF2, is 7.5 X 10"® molar. 
What is the solubility product of barium fluoride? 

Ans. 1.7 X 10~s. 

130. If 0.11 mg, of silver bromide dissolves in one liter of water, what is 
the solubility product of silver bromide? 

Ans. 3.5 X 10-1® 

131. If the solubility product of lead phosphate, Pb;{(P04)2, is 1.5 X 10"®, 
how many milligrams will dissolve in 500 ml. of water? How mai\y milligrams 
of Pb"^*^ can remain dissolved in 500 ml. of a solution that is 0.20 molar in 
PO-i" ions? 

An,s. 0.070 mg. 7.5 X 10~® mg. 

132. From tlie solubility product of Pbb calculate how many grams of 
lead ions and of iodide ions are contained in each milliliter of a saturated solu- 
tion of lead iodide? 

Ans. 3.7 X 4.6 X 10"^ gram. 

133. What are the solubility products of PbG204 and of Pb (103)2 if the 
solubilities are 1.7 X 10"® gram per liter and 1.6 X 10“® gram per liter, 
respectively? 

Ans. 3.3 X i0"ii, 9.8 X 10"^ 

134. If the solubility products of AgBrOg and of Ag2Cr207 are 5.0 X 10"® 
and 2.7 X 10"^^, respectively, what are the solubilities of the two salts in 
milligrams per 100 ml.? 

Ans. 167 mg., 8.2 mg. 

136, A saturated solution of K2PtCle contains 11 mg. of the salt in each 
milliliter. What is the solubility product of the salt? How many milligrams 
of Pt can remain dissolved (as PtCb") in each milliliter of a solution that 
contains 3.9 grams of per liter? 

Ans. 4.6X10"®. 0.90 mg. 

136. Mercurous bromide, Hg2Br2, dissociates into Hg2+“^ and 2Br~. Its 
solubility at 25°C. is 0.039 mg. per liter. What is its solubility product at 
that temperature? 

Ans. 1.4 X 10"2b 










EQUILIBRIUM CONSTANTS 65 

137. The normality of a saturated solution of AgsCO.-} is 2.2 X N. 
What is the solubility product of Ag2COs? 

Ans. 5.3 X i0"i2. 

138. If /i moles of Ag3p04 dissolve in 500 mi. of water, express the solu- 
bility product of Ag3P04 in terms of A, and the normality of a saturated solu- 
tion, of Ag3P04 in ter,ms of A. 

Aws. 432A^, 6A. 

139. It the solubility product of Ca3(P04)2 is A, express in terms of A the 
solubility of (Ja3(P04)2 in moles per hter. Also express in terms of A the 
normality of a saturated solution of the salt. 


A71S» 

140. How manj’ milii grams of Mn"^+ can remain dissolved in lOO ml. of a 
solution of pH 8.6 without precipitating Mn(OH)2? 

13,5 mg. 

141. From the solubility product of Fe(OH>3, calculate the weight of Fe"^'++ 
in milligrams which must be present in one liter of solution in order to cause 
precipitation of the hydroxide when the hydroxyl-ion concentration is 8.0 X 
10“5 mole per liter. 

.,Ans. 1.2 X 10"^^ mg. 

142. Given Ks.p. MgCOa = 2.6 X Ks.p. CaCOs = 1.7 X 10~l In a 
solution 0.20 molar in CaA+ and 0.20 molar in AIg"^+ and with a volume of 
250 ml., which cation irould precipitate first on the slow addition of Na-jCOs? 
How many niilligrams of this cation would still remain in solution when the 
other cation just starts to precipitate? 

Ans. About 1.3 mg. 

143. What are the solubility products of BaF2 and of BaS04 at a certain 
temperature if the solubilities at that temperature are 1.3 grams per liter and 
2.5 X 10~® gram per liter, respectively? A solution has a volume of 100 ml. 
and contains 0.010 mole of Na2S04 and 0.020 mole of NaF. If BaCh is slowly 
added, which anion will precipitate first? How many milligrams of this ion 
will still remain in solution w’hen the other ion Just begins to precipitate? 

Afis. 1.6 X 10-6, 1.1 X 10~i«. Sulfate. 0.027 mg. 


144. A saturated solution of magnesium fluoride, MgF2, is 1.2 X 
molar. What is the solubility product of magnesium fluoride? 

146. What are the solubility products of CaS04 and of CaFa if the solu- 
bilities are 1.1 mg. per milliliter and 0.016 mg. per milliliter, respectively? 
How many milligrams of calcium ions can remain in 100 ml. of a solution that 
is 0.50 molar in fluoride ions? 

146. If the solubiKty products of BaCaO^ and of BaCIOa)^ are 1.7 X 10-^ 
and 6.0 X respectively, what is the solubiKty of each salt in milligrams 

per liter? .. ' 
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147. Mercurous iodide, Hg 2 l 2 , dissociates into and 21 . Its soIu» 

biiity product is 1.2 X How manj^' miiiigrams of the salt dissolve in, 

250 ml? 

148. The normality of a saturated solution of cerous iodate, Ce(I 03 ) 3 , is 
5.7 X 10“^ What is the solubility product of the salt? How many milligrams 
of cerous ions can remain dissolved in 500 ml. of a solution that is 0.30 molar 
ill iodate ions? 

149. If A grams of Ba 3 (As 04)2 dissolve in 500 ml, €.xpress the solubility 
product of Ba 3 (AsO) 4)2 in terms of A. 

160. If the solubility product of Ag 2 Cr 207 is 2.7 X lO'"^^ how many milli- 
grams of silver will be present in solution when excess salt is shaken with 
260 ml. of water until equilibrium is reached? 

161. If a saturated solution of Pb 3 (P 04)2 is A normal, what is the solubility 
product of Pb 3 (P 04 ) 2 ? 

162. If the solubility product of Ag 2 Cr 04 is A, what (in terms of A) is the 
normality of a saturated solution of Ag 2 Cr 04 ? How many grams of chromium 
can remain dissolved (as Cr 04 "“) in 500 ml. of a solution that is B molar in 
silver ions? 

163. Mercurous chloride, Hg 2 Cl 2 , ionizes as follows: HgoCh Hg 2 ‘^’^ + 
201”. If its sojubility product is 1.1 X 10”^®, how many grams of mercurous 
mercury can remain dissolved in 2.00 ml. of a solution that contains one gram- 
milliequi valent weight of chloride ions? 

164. How many grams of FeCh could be present in 200 ml. of an acid solu- 
tion with a pH value of 3.0 without causing a precipitation of Fe(OH) 3 ? 

166. Show by calculation from the solubility product of Ag 2 S 04 whether or 
not this compound wwld be suitable as a final precipitate in the detection or 
determination of silver. What wmuid the concentration of sulfate ions theo- 
retically have to be in solution so that not more than 30 mg. of silver would 
remain unprecipitated in 500 ml. of solution? 

166. What is the ratio of the concentrations of Br~ and CP in a solution in 
which sufficient AgNOs has been added to cause precipitation of both halides? 
Solubility products: AgBr = 5.0 X AgCl = 1.0 X 

157. Calculate the number of miiiigrams of CaS 04 converted to CaCOs by 
20 ml. of 2.0 N Na 2 C 03 solution under equilibrium conditions at a temperature 
at which the solubility products are 6.4 X 10“^ and 1.6 X 10~^ for CaS 04 and 
CaCOa, respectively, 

168. From the appropriate solubility products show winch cation would 

precipitate first on the slow addition of K 2 Cr 04 to 500 ml. of a solution 0,10 
molar in Sr++ and 0.10 molar in How many milligrams of this cation 

would still remain in solution when the other cation just starts to precipi- 
tate? 

169. What are the solubility products of CaS 04 and of CaF 2 if the solubili- 
ties are 1,1 grams per liter and 0.016 gram per liter, respectively? A solution 
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has a volume of 250 ml. and contains 0.020 mole of Na 2 S 04 and 0.030 mole of 
NaF. If CaCh is slowly added, wMch anion will precipitate first? How many 
milligrams of this ion will still remain in solution when the other ion Just begins 
to precipitate?. 

36. Application of Buffered Solutions in Analytical Chemistry. — ■ 
Buffered solutions are frequently used in both qualitative and 
quantitative analysis io effect certain separations of elements. A 
familiar case is one in which a solution is buffered, usually either 
with NH4OH + NH4CI or with HC2H3O2 + NH4C2H3O2; and the 
pH value thus brought to such a value that the solubility product 
of the hydroxide of an element (or the hydroxides of a group of 
elements) is greatly exceeded but the solubility products of other 
hydroxides are not reached. 

The composition of many insoluble hydi'oxides is somewhat 
variable, and they are perhaps more properly called ^'hydrous 
oxides.^’ Their solubility products are not known accurately and 
numerical values obtained from them should therefore be con- 
sidered as showing only relative orders of magnitude. 

Example. — The solubility product of Mg(OH)2 at a certain 
temperature is 3.4 X 10"^^; that of Fe(OH)3 is 1.1 X 10“"^^ At 
that temperature (a) how many grams of and of Fe‘^+ 

can remain dissolved in. 100 ml. of M/10 solution of NH4OH 
(ionization constant = 1.75 X 10“®) ; (b) how many grams of Mg~^ 
and of can remain dissolved in 100 ml. of M/10 NH4OH 

containing a sufficient amount of dissolved NH4CI to make the 
ammonium-ion concentration 2.0 molar? 

Solution: 


(a) NH4OH NH4+ + OH- 
[NH 4 +][OHi 


[NH4OH] 


1.75 X 10”® 


Let X == concentration of OH” = concentration of NH4+ 
Then 

0.10 X = concentration of imdissociated NH4OH 
(aO(a:) 


O.lO.-'x 

(^)Ci^) 

.-0.10:. ■ 


1.75 X 10“® ■ ■■ ■ 

1.75 X 10”® (since .r is small compared to 0.10) 
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iii ■" , 


a: = 1.3 X 10~® mole per liter 
[Mg++][OH-]= = 3.4 X 10-“ 

[Mg++](1.3 X 10-5)2 = 3.4 X 10-“ 

[Mg++] = 2.0 X 10-5 mole per liter 
= 2.0 X 10-5 X Ko X 24.3 
= 4.9 X 10-5 gram per 100 ml. A 
[Fe+++][0H-]5 = 1.1 X 10-55 
[Fe+++](1.3 X 10-5)5 = 1.1 X 10-55 




= 2.8 X 10"^^ gram per 100 ml. 

[NH4OH] ^ 

= 1.75 X 10-5 


1.75 X 10-5 


x = 8.8 X 10-2 
[Mg++](8.8 X 10-2)2 


3.4 X 10-“ 
.. 1 ...... 


4 V 1 n— 11 1 

[Mg-H-] = X X 24.3 


X 55.8 


= 106 grams per 100 ml. Ans. 

IFe+++](8.8 X 10-2)5 = 1.1 X lO-*® 

1 1 V 10—36 1 

[re+++] = (8 8 X 10-2)5 "" 10 ^ 

= 9.0 X 10-25 gram per 100 ml. .4ns. 

37. Control of Acidity in Hydrogen Sulfide Precipitations. — The 
separation of certain elements by precipitation from acid solution 
with HaS is effectively used in analytical chemistry, particularly 
in qualitative analysis. Probably the most important factor in- 
fluencing the effectiveness of the separation is the sulfide-ion con- 
centration and its control by the regulation of the hydrogen-ion 
concentration. The concentration of the sulfide ion can be regu- 
lated to such a point that the solubility products of cei’tain sul- 
fides are greatly exceeded while the solubility products of other 
sulfides are not reached. The quantitative effect of the presence 
of acid on the ionization of H^S and the calculation of the sulfide- 
ion concentration have been illustrated in Examples I and II of 
Sec. 31 and should be reviewed at this time. 
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Solubility products of sulfides are not kiio\TO precisely., and 
hydrolysis effects and rates of precipitation influence the quan- 
titative aspect of the separation of sulfides. Therefore, in the 
following example and problems of a similar nature, the calculated 
values not agree well with corresponding values determined 
experimentally, but they do show relative orders of magnitude 
and are useful only in^tliis connection. 

Example.— How many grams of Zn-*"+ and how many grams 
of 6^+“^ can remain dissolved in 200 ml. of the solution of H 2 S + 
HCl mentioned in Example II of Sec. 31 (solubility product of 
ZnS = 1.2 X 10~^^; solubility product of CdS = 3.6 X 10 “^®)? 
Solution: 


[S==] = 1.5 X 10“^'^ (as calculated) 

[Zn"H-][S=] = 1.2 X 10"2" 

% [Zii"^'^] = = 0.80 mole per liter 

1.0 X 10"“*^ 

= 0.80 X 65 X % = 10 grams per 200 ml. xlns. 


[Ckty1[Si = 3.6 X 10-29 


[Cd++] 


3.6 X 10-29 
1.5 X 10-^ 


= 2.4 X 10“^^ mole per liter 
= 2.4 X 10-6 X 112 X H 
= 5.4 X 10“'^ gram per 200 ml. 


Ans, 


38. Separations by Means of Complex-ion Formation. — Certain 
separations in analytical chemistry are effected by making use of 
the equilibrium that exists between a complex ion and its constitu- 
ents. The following cases illustrate the two general wa^rs in which 
this is applied. 

1. When an ammoniacal solution of silver nitrate containing a 
carefully controlled excess of ammonia is added to a mixture of 
iodide and chloride, only, silver iodide is precipitated, since most 
of the silver in the solution is as the ammino complex, Ag(NH 3 ) 2 +, 
and the concentration of Ag^ is too small to exceed' the solubility 
product of AgCl but is great enough to exceed the solubility 
.product of the more insoluble Agl. 

2. When potassium cyanide is added to an ammoniacal solution 
of copper and cadmium salts, the two ions Cu(CN) 3 = and Cd'(GN) 4 * 
are formed. When hydrogen sulfide is passed into the' solution, 
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only cadmium sulfide is precipitated, since the degree of dissocia- 
tion of the copper complex is much less than that of the cadmium 
complex. A sufficiently high concentration of Cd'^’^ is present to 
exceed the soiubilit}^ product of CdS, but the eoiicentratioii of Cii-^ 
is too low to exceed the solubility product of Cu^S. 

Example I. — How many grams of silver bromide will dissolve 
in one liter of NH4OH if the resulting soliitioii is 2.0 molar in NH 3 ? 
Solution : 

[Ag-^llBr”] = 5.0 X (see Appendix) 

6,8 X 10- Appendix 

Let :r = moles of AgBr dissolved = [Br~] = [AglXIIsjo"^] 
5.0X10"'- 


^ X 10"S 

X 

Solving, 

:r = 0.4 X 10"'^ molar 
5.4 X 10"'' X AgBr =1.0 gram. Ans, 

Example II. — A solution 0.10 molar in and 0.10 molar 
in Cd+''" is treated with NH4OH and KCN, forming Ciif’CN)!^ 
and Cd(CX)4"". The solution is 0.50 molar in excess CX"" ions. 
If H2S is passed into the solution to give a sulfide-ion concentra- 
tion of 0.010 molar, will C112S or CdS precipitate? 

Solution: 

fCii+lfCN"B 

TCir(CN)3^ ^ Appendix) 

5.0 x.c^» 


Therefore. 


The solubility product of CihS (= 1 .0 X is greater than this 
value. Hence Ci^S will not precipitate. 
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Therefore, 


[Gd++][CN"]4 

[Cd(CN)r] 


1.4 X 10“^^ 


[Cd++](0.50)4 

0.10 


1.4 X 10-^7 


[Cd+'^j - 2.2 X 10~-^^^ 


[Cd'^-][S-] - (2.2 X lO’-i^CO.Ol) 
= 2.2 X 10-19 


The solubility product of CdS (= 3.6 X jg i^gg 
value. Hence CdS will precipitate. A?is. 


Problems 

, (See Appendix for solubility products and ionization constants.) 

160. How many grams of could remain dissolved p.c., uiiprecipitated 
as Mg(OH)2] in a liter of 0.2 AI NH4OH, and how many grams of could 
remain dissolved in a liter of 0.2 M NH4OH containing enough dissolved 
NhhCi to make the ammonium-ion concentration 1 molar? [Ks.p. Mg(0H)2 — 
3.4 X 10"'h] 

2.4 X 10~‘* gram, 68 grams. 

161. How many milligrams of could remain dissolved [i.c., uripre- 

cipitated as Fe(OH)s] in 100 ml. of a solution 2.0 normal in acetic acid and 
containing a sufficient amount of sodium acetate to make the acetate-ion con- 
centration 0.15 molar? [Ks.p. Fe(OH)3 = 1.1 X lO^^s.] 

Ans. 0.095 mg. 

162. Calculate from appropriate equilibrium constants the number of grams 
of zinc and of cadmium that can remain dissolved in 1,500 ml. of a solution 
that contains 0.05 mole of dissolved H^S and is 0.30 N in hydrogen ions. 

x4aa. 29.0 grams, 1..5 X 10“''^' gram. 

163. By saturating with hydrogen sulfide 350 ml of a solution that is 0.010 
molar in a certain trivalent element and 1.0 molar in hydrogen ions, ail but 12 
millimoles of the element precipitates as sulfide. Wlaat is the approximate 
solubility product of the sulfide of the element? (Solubility of H2S = 0.10 

molar.) 

' . Ans. , 1.5 X 10"^^. 

164. How many formula weights of chloride ion must be introduced into 

a liter of a tenth-molar solution of NaAg(CN)2 in order for AgCl to start to 
precipitate? [Dissociation constant of AgCCN)!" = 1.0 X 10“2i;, solubility ■ 
product of AgCl - 1,0 X 10~^^.] ' , ' 

Ans. 0.0033, P.W. ;• ■ 

166. How many forniuia weights’ of silver iodide ' will dissolve iiC one liter 
of NH4OH which is 6.0 molar in NH3? {Dissociation constant of Ag(XH3).d 


I 
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6.8 X solubility product of Agl = 1.0 X (Hitit: In the resulting 

solution [Ag(NHs) 2 '^J = [!”]•) 

Ans. 2.4 X 10-4 F.W. 

166. A solution 0.080 molar in AgNOg is treated with Na2S20s which con- 
verts practically all of the Ag"^ into Ag(S20s)2^. If the solution contains 
sufficient excess thiosulfate to make the S 2 OY 0.20 molar, how many grams 
of I” per liter could be present without causing a precipitation of Agl? 

Ans. 0.16 gram. ^ 

167. What is the maximum molar concentration of sulfide ion in a solution 
0.20 molar in Cd(NH 3 ) 4 Ck and 2.0 molar in NHs without forming a precipitate 
of cadmium sulfide? 

Ans, 1.2 X 10-20. 

168. What must be the maximum pH value of a solution in order that 

0.500 gram of in 100 ml. will remain imprecipitated as MgCOH)..? 

[Solubility product Mg(OH )2 = 3.4 X How many grams of Fe'-^ 

could remain dissolved in such a solution? 

169. How many milligrams of could remain unprecipitated as 

I\In(OH )2 in 500 ml. of 0.10 IM NH4OH, and how many milligrams of 
could remain dissolved in 500 ml. of 0.10 M NH4OH containing sufficient 
dissolved NIrkCl to make the ammonium-ion concentration 2.0 molar? 

170. How many milligrams of could remain unprecipitated as 

Fe(OH )3 in 250 ml. of a solution 1.5 molar in acetic acid buffered by that 
amount of dissolved sodium acetate that makes the acetate-ion concentration 
0.20 molar? 

171. If the solubility product of Bi 2 S 3 is 1.6 X find the wniglit of 
bismuth ions that must be present in a liter of .solution to cause precipitation 
of Bi 2 S 3 in a solution which is 0.10 molar in Ii 2 S and contains 0.010 mole of 
per liter. 

172. What is the maximum pH value that 100 ml. of a solution containing 
0.0050 gram of PbCk can have so that on saturating the solution wfitii HoS no 
lead sulfide will precipitate? (Saturated solution of H 2 S == 0.10 molar.) 

173. A solution of 1.2 grams of ZBSO 4 . 7 H 2 O in 500 ml. of dilute acid is 
saturated with H 2 S. The resulting solution is found to be 0.10 molar in H 2 S 
and 0.050 molar in H"^ ions. What fraction of the zinc has been precipitated 
as ZnS? What maximum pH value should the solution have in order for no 
precipitate to form if the concentrations of zinc salt and FI 2 S are as above? 

174. If 50 ml. of 0.010 molar AgNOs and 50 ml. of 3.0 molar ISHI. 1 OH are 
mixed, what is the resulting concentration of Ag”^ ions? How manj^ moles of 
Cl"' would have to be introduced before precipitation of AgCl would take 
place? [Ionization constant of Ag(NH 3 ) 2 ‘*' == 6,8 X 10"^; solubility product 
of AgCl = 1.0 X 10-w] 

176. If a solution is 0.050 molar in K 2 Hgl 4 and 1.6 molar in I" show by 
calculation whether or not a precipitation of HgS would be expected if the 
solution is made 1.0 X molar in sulfide ions. 
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ITS. How ma-ny grams of S ” can be present in a liter of a solution containing 
0.10 F.W. of Cd(jSIH3)4Cl2 and 1.5 mole of NHs wdthout forming a precipitate 
ofCdS? 

177. A solution containing 0.10 F.W. of MgCla and 0.20 F.W. of CaCb 
would require a total of how many milliliters of N/2 H 2 C 2 O 2 solution in order 
to form the complex ion Mg ( 0204 ) 2 "" and precipitate the calcium as CaC 204 . 

H 2 O? 

178. How many grams of silver bromide will dissolve in one liter of ^114011 
which is 1.5 molar in NI13? [Dissociation constant of Ag(NIis)2**~ = 6.8 X 
10~®; solubility product of AgBr = 5.0 X 10”^®.] {Hint: In the resulting 
solution [Ag(NH3)2''1 = [Br”].) ' 

39. Distribution Ratio. — Occasionally in analytical chemistry 
the greater part of a solute is removed from aqueous solution by 
shaking the solution with an organic solvent in which the solute 
•is much more soluble. In qualitative anatysis the removal of 
liberated bromine and iodine by means of carbon tetrachloride 
in the test for bromide and iodide occurs in many schemes of 
analysis. In quantitative analysis ferric chloride is often extracted 
in greater part from hydrochloric acid solution by means of ethyl 
ether or isopropyd ether. This is of value in the analysis of certain 
constituents in iron alloys where a high concentration of ferric 
ions in the solution is undesirable. Certain hydrobdic separations 
(e.p.j titanium from iron) are more readily carried out if a prelim- 
inary extraction of the iron is made. 

The distribution law states that when a solute is in simultaneous 
equilibrium with two mutually insoluble solvents the ratio of the 
concentrations of the solute in the two solvents is a constant at 
a given temperature regardless of the volumes of solvents used 
or of the quantity of solute present: 

Concentration of x in solvent A _ 

Concentration of x in solvent ^ 

The ratio K is called a distribution ratio and is determined 
experimentally for each solute and each pair of mutually insoluble 
liquids. The value is a true constant only in the case of perfect 
soliiti Oils and perfectly immiscible solvents, but it is very nearly 
a constant at a given temperature for the dilute solutions ordi- 
narily encountered in analytical chemistry. The law applies only 
to a particular species of molecule; that is, the solute mast be in 
the same condition in the two phases. The law does not hold, 
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for example, if the solute is ionized in one solvent and not ionized 
in the other, or if it is as associated molecules in one solvent and 
not in the other. 

Example. — ^An aqueous potassium iodide solution has a volume 
of 100 ml. and contains 0.120 gram of dissolved iodine. Assuming 
that the distribution ratio of iodine between carbon tetrachloride 
and an aqueous solution of potassiiun iodide is 85 at 25°C., how 
many grams of iodine will remain in the aqueous phase if the 
above solution is shaken with 25 ml. of carbon tetrachloride? 
SoLUTiox: 

Let X = grams iodine remaining in H2O phase 
Then 

0.120 — X = grams iodine in CCI4 phase 

Concentration of iodine in CCh phase = grams per ml. 

Concentration in H2O phase = ~ grams per ml. 


Solving, 


(0.120 -r)/25 
.r/lOO “ 

X = 0.00539 gram. Ans. 


Problems 

173. If 0.568 gram of iodine is dissolved in 50 ml. of carbon tetrachloride 
and the solution is shaken at a certain temperature with 500 ml of water, it is 
found that the aqueous layer contains 0.0592 gram of iodine. Calculate the 
distribution ratio of iodine at that temperature between the two solvents, in 
both of which it exists as lo molecules. 

2lns. 86.0 

180. At 20°G. the distribution ratio of a certain organic acid between water 
and ether is 0.400. A solution of 5.00 grams of the acid in 100 ml of water is 
shaken successively with three 20-ml. portions of w'ater-saturated ether. Cal- 
culate the number of grams of acid left in the water. Also calculate the nmnber 
of grams of acid that wmuld have been left in the water if the solution had been 
shaken with a single 60-ml. portion of ether. 

Ans. 1,48 grains. 2.00 grams. 

u 181. If 90 sn aqueous solution containing 1.00 millimole of bromine 
are shaken at 25®C. with 30 ml of a certain organic solvent, 0.128 gram of the 
bromine is extracted from the aqueous layer. What is the distribution ratio? 
\ hat percentage of the bromine would have been extracted by tw^o successive 
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extractions with 15-m]. portions of the solvent? Assume bromine to be as 
diatomic molecules in both solvents. 

Am. 12.0. 88.89 per cent. ■ 

182. The distribution ratio of bromine between carbon tetrachloride and 
water is 29.0 at 25°C. If a certain aqueous solution of bromine is shaken with 
one-half its volume of carbon tetrachloride, w^hat percentage of the bromine 
is removed from the aque(5us phase? 

183. If a 0.0010 molar solution of bromine in solvent A is shaken with one- 
tenth of its volume of solvent B, 78.0 per cent of the bromine remains in A. If 
at the same temperature a solution of 0.0300 gram of bromine in 50 ml. of 
solvent B is shaken with 20 ml. of solvent A, how many grams of bromine 
remain in B7 Assume A and B to be immiscible and bromine to be as diatomic 
molecules in both solvents. 

. 184. What explanation can you give to account for the fact that the dis- 
tribution ratio at 20 *^ 0 . oi acetic acid bet'ween benzene and water is not even 
approximately constant, even at low^ concentrations of acetic acid? 

185. In certain methods of analysis iron is removed from hydrochloric acid 
solution by repeated extraction with either ordinaiy ether or wdth isopropyl 
ether. If 36 ml of an aqueous solution of FeCh -f HCl are shaken with 18 ml. 
of ether (previously saturated wdth HCl), 94 per cent of the iron is removed 
from the aqueous layer. Wliat is the distribution ratio of iron between the 
twm solvents and wdiat per cent of the iron would have been removed if the 
initial solution had been extracted with twm separate 9-m]. portions of ether? 
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40 . Relation of the ElecMc Current to OxidatioE-rednction 
(‘‘Redox”) Reactions. — ^Experiment shows that at ordinary con- 
centrations free chlorine or bromine will oxidize ferrous ions 
( 2 Fe“^ + CI2 — > 2 Fe++‘^ + 2 C 1 “), but free iodine will not. Con- 
versely, iodide ions will reduce ferric ions (2Fe"^‘^’“^ + 21”" 
2Fe'^ + I2) but chloride or bromide will not. Hydrogen ions at 
ordinaiy concentrations will oxidize metallic zinc + 2H+ — ^ 
2ii++ 4- Hg) but will not oxidize metallic copper. 

To be able to predict whether or not a given pair of oxidizing 
and reducing agents will or will not mutually interact to an ap- 
preciable extent is of considerable importance, particularly in 
qualitative analysis, and tables showing relative tendencies for 
substances to be oxidized or reduced, if used properly^ are of great 
value. 

In the light of the modern concept of the structure of atoms, 
oxidation and reduction may be defined in terms of transfer of 
electrons. An element is oxidized when it loses electrons; an ele- 
ment is reduced when it gains electrons. 

Redox reactions can be brought about by the application of an 
electric current; conversely, an electric current can be obtained 
from oxidation-reduction processes. The electrolysis of a solution 
of sodium chloride is an example of the first class. At the anode, 
negative chloride ions are oxidized to free chlorine gas; at the 
cathode, positive hydrogen ions from the water are reduced to free 
hydrogen gas. The voltaic cell is an example of the second class. 

: 41 .' Specific Electrode- Potentials. — Suppose we have on the end 
of a platinum wire a platinum foil covered with platinum black. 
Suppose further that the foil is immersed in a solution of acid 
that is one molar in hydrogen ions and that pure hydrogen gas 
at one atmosphere pressure continually bubbles over the foil. 
Such a setup is called a normal hydrogen electrode. It may be 
represented graphically, thus: lECl atmosphere), 2H+(1 molar) I 
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Pt. Tlie platinum, is chem.ically inert, but an equilibrium exists 
between the hydrogen gas and the hydrogen ions, thus : H 2 ^ 
2H+ + 2€, the symbol e representing an electron. Suppose now 
we have a strip of metallic zinc immersed in a solution of zinc 
sulfate that is one molar in zinc ions. Equilibrium exists between 
the metal and its ions, thus: Zn ^ Zn+'^ + 2e. If the two elec- 
trodes are connected ty means of a wire and the two solutions 
are connected by means of a capillary tube containing an elec- 
trolyte, a current of 0.76 volt will flow through the wire and solu- 
tion. The *^plus to minus’’ direction of the current in the wire 
is from the hydrogen electrode to the zinc electrode and in the 
solution from the zinc electrode to the hydrogen electrode. The 
flow of electrons in the wire is from the zinc electrode to the hy- 
drogen electrode, and in the solution it is from the hydrogen 
electrode to the zinc electrode. At the same time, metallic zinc 
is oxidized and hydrogen ions are reduced, the net reaction being 
represented hy the equation ^ + 2H+ — ^ + H 2 . We there- 

fore have a voltaic cell made up of two half cells^ and the entire 
system may be represented thus: 

Zn j Zn'^'^(l mola.r) ]j H+(l molar), H 2 (l atmosphere) | Pt 

In representing cells in tliis way, a single line represents a Junc- 
tion between an electrode and a solution. A double line denotes 
a junction between two solutions, and it is assumed that the 
small potential difference between the solutions has been corrected 
for in formulating the total e.rn.f. of the cell. 

It should also be noted that oxidation always takes place at 
the anode; reduction always takes place at the cathode. The pas- 
sage of electrons through the wire is from anode to cathode; elec- 
trons pass through the solution from cathode to anode. 

In similar fashion, a copper electrode dipping in a solution of 
copper sulfate that is one moIa.r in copper ions can be connected 
to a normal hydrogen electrode. ,A current. of 0.34 volt will flow 
through the wire. The passage of electrons in the wire is from 
the hydrogen electrode to the copper electrode. 

'..' If now we connect the above copper half cell with the above 
zinc half cell, w^e obtain a voltaic cell that is represented thus: 

Cu j molar) II Zn++(1 molar) | Zn 
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It will be found that a current of 1.10 A'olts will be generated. 

The passage of electrons in the wire is from the zinc to the copper 
and in the solution from the copper to the zinc. At the same time 
metallic zinc is oxidized to zinc ions, and the copper ions are re- 
duced to metallic copper, the net reaction being 

^ + Cu++ Cu -f Zn++ 

€■ 

It is difficult to determine absolute potential differences be- 
tween electrodes and solutions; but, sinc3e we are usually con- 
cerned only with differences of potential, we can refer electrode 
potentials to some common standard. The normal hydrogen elec- 
trode is arbitrarily given the value of zero, and other electrode 
potentials are referred to it. The molar electrode potential or 
specific electrode potential of zinc (i.c., the relative potential be- 
tween metallic zinc and a one-molar solution of zinc ions) is 
— 0.76 volt; the specific electrode potential of copper is +0.34 
volt. Giving the zinc potential the negative sign and the copper 
potential the positive sign is again purely arbitrary. It is perhaps 1 
more from the point of view of the physicist who is primarly inter- 
ested in the outer circuit of a cell, than from the point of view of 
the chemist who is concerned with the changes within the solu- 
tion. To the physicist, copper is positive to zinc since in the 
above cell the positive to negative direction of the current in the 
wire is from the copper to the zinc. Chemists are also adopting 
this sign convention although many texts and reference books use 
the opposite convention. 

In this book, specific potentials vill be denoted by the symbol 
and a table of such potentials is given in the Appendix. When 
applied to an active metallic electrode, the numerical value refers 
to the potential at 25'^C. between a metal and a one-molar solu- 
tion of its ions relative to the potential between hydrogen gas at 
one atmosphere pressure and a one-molar solution of hydrogen 
ions.'. , 

The e.m.f. of a cell is the difference between the potentials of 
its two half cells, or E-= Ei- In the case of the above- 
mentioned cell, E^ El- Equ^ - = +0.34 - (-0.76) = 

1.10 volts. 

Electrode potentials are not limited to those between elements 
and their ions. They also apply to potentials between ions at 
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two states of oxidation. Thus, as shown in the potential table 
in the Appendix, the specific potential betw^'cen ferrous and ferric 
ions + e) is +0.748 volt, indicating that a current 

of that voltage would flow' through the following cell : 

Pt I Fe'^+Cl M), Fe+-^(1 M) jj H+(l M), lUl atm.) | Pt 

Electrons would pass through the solution from the ferrous-ferric 
half cell to the Iwdrogen electrode {f.e., from left to right as waitten 
above). They 'would enter the solution from the wire at the fer- 
rous-ferric half cell. Ferric ions would be reduced to ferrous ions; 
hydrogen gas would be oxidized to hydrogen ions. 

Similarly, the specific potential between chromic ions and di- 
chromate ions ill the presence of acid (2Cr+'^'^ + 7 H 2 O ^ Cr 207 "" + 
i4H'^ + 6€) is +1.30 volt which is the voltage of the following 
cell: 

i M) ;l I 

Pt I Cr207-(1 M) l| H-(l Mj, Hsll atm.) j Pt 


The e.m.f. of the 

j Fe-^-^(l 
Pt Fe-^---( 


(1 M) \ Cr--+(1 M) 

^1 :Mj I CroOr'd M) Pt 
!; H+(l M) 


would be the algebraic difference betw'een the twu)- half cells com- 
prising it, or +0.748 - (+1.30) = -0.55 volt. The negative sign 
indicates that the passage of electrons through the solution is from 
right to left as written above, and through the w-ire from left to 
right. The ferrous ions are therefore oxidized and the dichromate 
ions ' reduced during the process. The over-all reaction would be 


:6Fe++ + Ci'sOt- 


• 6 Fe+++ + 2CrHH- + 7H2O 


42. Rules for Writing' Equations for Half-cell Reactions —In 
waiting and balancing equations for half-cell reactions the follo\Y- 
ing steps should be follow'ed : 

1 . Write the j-educed form of the element that changes its o.xida“ 
tion number on the left-hand side of the equation; write the 
oxidized form on the right-hand side.. ' If necessary, balance the 
number of atoms of the element by inserting the proper coeffi(ieiits- 
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' 2. On the right-hand side of the equation introduce that number 
of electrons equal to the total change in oxidation number of the 
element. 

3. If necessary, introduce sufficient hydrogen ions (if the reac- 
tion takes place in acid solution) or hydroxyl ions (if the reaction 
takes place in basic solution) to balance the electrical charges. 
Remember that each electron symbol repre^nts a negatire charge. 

4. If necessary, introduce water molecules into the equation to 
balance the hydrogen and oxygen atoms. 

Example.- — ^^Vrite balanced half-cell reactions for the following 
changes (a) VO'^'~>VOr (acid solution); (5) Cr*^ Cr 207 ^=^ 
(acid solution) ; (c) > MnOo (basic solution). 

Follo\\ing the above four steps, the results in each case are as 
follows: 


4- € (change = o - 
4- 4- 6 

->V03"4-4H+4-e 


1. Mn++ -^ Mn02 

2. Mn++ Mn02 4- 26 

3. jMn"^ 4" dOH” — > Mn02 4“ 

4. Mn+-^ 4- 40H- MnOs 4~ 2 H 2 O 4- 2c 


■ 43. , Oxidation-reduction Equations in Terms of, Half-ceil Reac- 
tions. — In order to write an ordinary redox equation in terms of 
half-cell reactions the appropriate couples are merely written one 
below the other and subtracted in algebraic fashion. Since electron 
symbols should not appear in the net equation, it is frequently 
necessaiy to multiply one or both half-cell equations by a factor 
in order that the electrons may ^‘cancer’ out. This is illustrated 
in the following examples. Obviously the 'poiential of the half- 
cell reaction is not affected by such multiplication. 

The oxidation of ferrous ions by chlorine can be written; 
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Fe++ = Fe+++ + 6 (Ei^ = +0.747) 
or 

(1) 2Fe++ = 2Fe+++ + 2e 

(2) 2Cl- = CU + 2e (F2» = +1.359) 

(l)-(2) 2Fe++ + Cl2- 2Fe+++ + 2Cl- 

The oxidation of ferrous ions by dichromate in the presence of 
acid can be written: * 

(1) 6Fe++ = 6Fe+++ + Oe (Fi*) = +0.747) 

(2) 2Cr+^^ 7H2O = CroOr” + 14H+ + 6e {EJ> = +1.30) 

{l)-(2) 6Fe++ + CraO?” + 14H+ = 6Fe+++ + 2Cr+++ + 7H2O 

The oxidation of stannous ions in the presence of acid by per- 
manganate can be written: 

(1) 5Sn++ = 5Sn++++ + lOe CFd = +0 13) 

(2) 2Mn++ + 8H2O == 2M n04- + 16H+ + lOe (^2“ = +1.52) 

(l)-(2) 5Sn++ + 2Mn(.)4~ + 1611+ = 5Sn++++ + 2Mn++ + 8H2O 

If concentrations are all 1 molar, the net potentials of the above 
three illustrations are the algebraic differences between the specific 
potentials corresponding to the two half-cell reactions, namely, 

E = Ei^ — £2® = (+0.747) — (+1.359) = —0.612 volt 

E = E,o - £2“ = (+0.747) - (+1.30) = -0.55 volt 

£ = £1® - £2“ = (+0.13) -(+1.52) =-1.39 volt 

hi cases like the above, if the algebraic difference between the elec- 

trode 'potentials, as written, is negative, the net reaction can be ex- 
pected to^ go as written (i.e., from left to right). If the algebraic dif- 
ference is positive, the reaction will not go as written but can be 
expected to go from right to left. Thus, 

(1) 2Fe++ = 2Fe+++ + 2e (+0.747) 

(2) 21” = I 2 + 2e (+0.535) 

(l)-(2) 2Fe++ + I2 = 2Fe+++ + 21” 

[(+0.747) - (+0.535) = +0.212 volt] 

This reaction at 1 molar concentrations will not take place from 
left to right as written, but goes in the opposite direction (2Fe+++ + 
2I--^2Fe++ + l2). 
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The behavior of metals with acids can be treated in the same 
way. Metallic zinc dissolves in 1 M HCl. 

(1) ^ = Zn++ + 2€ (-0.758) 

( 2 ) H 2 = 2 H+ + 2 e (0.00) 

(l)-(2) ^ + 2H+ -> Zn++ + Hs (-0.758) 

Metallic copper does not dissolve in HOi. 

(1) Cu = Cu++ + 26 (+0.344) 

( 2 ) H 2 = 2 H+ + 2 e ( 0 . 00 ) 

(l)-(2) Cu + 2 H+ ^ Cu++ + Ha (+0.344) 

Both zinc and copper dissolve in 1 M HNO 3 . In this case two 
oxidizing agents are present, namely H+ and NOs~, but the nitrate 
ion has the greater oxidation potential and is the oxidizing agent 
in. both cases. 


(1) = 3Cu++ + 66 (+0.344) 

(2) 2NO + 4 H 2 O = 2 NO 3 - + 8H+ + 66 (+0.94) 

(l)-(2) 3Cu + 2 NO 3 - + 8H+ 3Cu++ + dHaO 

[(0.344) - (0.94) = -0.60 volt] 

The potential table therefore shows relative tendencies for sub- 
stances to lose or gain electrons. Substances at the top left of 
the table lose their electrons most readily and gain them least 
readily. They are therefore the strongest reducing agents. Simi- 
larly, the oxidizing agents at the bottom of the table are the 
strongest; those at the top are the. weakest. 

Such predictions as given above must be applied cautiously. 
In a few cases reactions that should proceed according to the rela- 
tive positions in the potential series do so at such a slow rate that 
they are almost negligible. More important still, as shoTO in 
the next section, the concentration of each component of an oxida- 
tion-reduction equilibrium affects the value of the potential. A 
substance may be present that is capable of forming a complex 
ion with one of the components of the half-cell equilibrium and 
thus reduces the concentration of that component to a point where 
it no longer reacts. Thus, the potential of the equilibrium Sn++ ^ 
gji+-H-+ q- 2e is greatly affected by the presence of chloride ions 
which form SnCle” ions vnth the stannic tin. In a few eases pre- 
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cipitation effects interfere in the same way. , For example, ac- 
cording to the table, iodide ions should reduce silver ions to metallic 
silver (2Ag+ + 21“* 2.Ag + lo). Actually, a precipitation of silver 
iodide takes place instead (Ag*^ + I" Agl ) and the concentra- 
tion of Ag+ in the residual solution is made too Ksmall to be affected 
by excess iodide. In the case of a few metals, passivity effects 
may occur. Pure alumkium should dissolve readily in nitric acid 
(A1 + NOs” + 4H+ — > -f NO + 2H2O). Actually it does not 

do so, probably because of the formation of a protective coating 
of oxide on the surface of the metal. 

44. Relation between Electrode Potential and Concentration. — 
When the prevailing concentrations are not 1 molar, the electrode 
potentials are no longer molar electrode potentials but can be cal- 
culated from them. From considerations of free energy it can be 
shown that at 25® C. electrode potentials can be calculated from 
the following formula: 

n ^ 


where = molar electrode potential 

n = number of faradays involved in the change 
log = common logarithm 

M = ratio obtained by dividing the prevailing molar con- 
centrations of the oxidation products of the reaction 
by the prevailing molar concentrations of the reacting 
substances, each concentration being raised to a power 
equal to the coefficient of the substance in the equation 
representing the reaction taking place in the half cell. 
In expressing M, reactions should be written as oxida- 
tions, and, as in the case of mass-action expressions, 
concentrations of water and of solid substances are 
omitted. Gases are expressed in terms of partial pres- 
sures (in atmospheres) 

^ As stated in Sec. 41, in some tables of electrode potentials the signs are 
opposite to those given in this book; that is, the numerical values of those 
potentials iisted above hydrogen are plus, and those below hydrogen are minus. 
If this alternative system is used, the given formula becomes E == 

0 0591 ' 

' " ■ log M . The consistent use of either system leads to correct results. 
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In calculations of electrode potentialsj :as in the case of calcula- 
tions of equilibrium constants, activities rather than concentra- 
tions should be used for precise results (see Sec. 32). Values for 
specific electrode potentials should therefore be for unit activity 
rather than for molar concentration. Analytical calculations in 
this particular field, however, do not require a precision greater 
than one or two significant figures, and the use of activities and 
activity coeflicients (which are not alwa 3 ^s easily determined) can 
be dispensed with. 

Example I. — Find the e.m.f. at 25®C. of the cell 

Ce-HH-(0. 10 molar) ll Fe++(0.010 molar) 
Ce++-H-(0.00010 molar) II Fe-^++(1.0 

Solution: 

(1) Ce+++ = Ge++++ + £ 


(2) Fe^+- Fe+++ + € 

Subtracting (2) from (1) 

+ Fe-^^ = Ce-^+ + Fe++ 

E - El - == L27 - 0.865, 

- 0.40 volt. Ans. 

The positive sign shows that the passage of electrons in the 
solution is .from left, to right.,' The ferrous, ions are, therefore, 
oxidised, and the ceric ions are reduced. The reaction 06"^ + 
Fe*^ proceeds from right^ to left. The ceric ions 
are reduced, and the ferrous ions are oxidized until the concentra- 
tions so adjust themselves that no current flows. 

In, .this example the "concentrations, given, are. those of the simple 
, cations. .These .cations. often be in eqiiilibriiiiii with complex 
ions, such as FeClr, Ce ( 864 ) 3 ^, etc. 

: Example TL— What :,is-,.the ..e.m.f, of' the half cell .represented 
by the following equilibrium: 2Cr+++(0.20 M) + 7Ii>0 ^ Cr‘>07== 
(0.30 M) + 14H+(2.0 M) + Ge? . 



B,= ^,o + 0:059J [C^ 

1 ^ ^ 1 *= [Ce+++] 

= 1.45 + 0.0591 log 10-^ 

= 1.27 

^ n “ [Fe++] 

= 0.747 + 0.0691 log 100 
= 0.865 
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Solution: 


E = E‘>- 


0.0591 , [Cr207“][H+]« 

n [Cr+++P 


= +1.30 


0.0591 ^ (0.30)(2.0)M 

6 ( 0 . 20)2 

, , 0.0591 X 5.09 , , . 

» i) 

= 1.35 volts. +/IS. 

Ex.\mplb III.— l¥liat is the e.m.f. of the cell 

Cu I Cu++(0.010 molar) j[ Zn-H-(i.o x lO"® molar) | Zn? 

Solution: 

El = log [Cu++] 


■ +0.34 + 


n 

0.0591, 

— ^ log (0.010) 


= +0.28 volt 

• E'l- Ezn" + — - log [Zn++] 


-0.76 + 


n 

0.0591 


log (1.0 X 10-«) 


= -0.94 

E = El — E 2 = 1.22 volts. 

Ex.iMPLE I\ . — Calculate the e.m.f. of the followong cell: 

Cii j Cu-H-(2.0 M) |j Cu++(0.010 M) [ Cu 

This type of cell, made up of the same half-cell equilibrium (^ ?:± 
Cu++ + 2e, in this case) but with the ions at two different con- 

centrationsj is known as a conceMiration cell. 

Solution: 

El = 0.344 + log 2.0 

E 2 = 0.344 + — log 0.010 


E = El E, 


0.0591 


(log 2.0 - log 0.010) 


= 0.068 volt. 
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46. Calculation of the Extent to Which an Oxidation-reduction 
Reaction Takes Place. — All reversible reactions proceed in one 
direction or the other until equilibrium conditions are reached, at 
which point the two rates of reaction are eciiial. 

During the progress of an nxidation-rediiction reaction in a cell, 
the concentrations of the reacting substances are steadily decreas- 
ing and those of the products are increasipg. The voltage of the 
cell decreases steadily until equilibrium is reached, at vrhich point- 
no current flows. The potentials of the two half cells making up 
the ceil are therefore equal at this point of equilibriiini. In order 
to calculate the extent to which an oxidation-reduction reaction 
takes place, it is only necessary to express the reaction as two half- 
cell reactions and to express an equality between the two electrode 
potentials. 

Example I. — When excess metallic aluminum is added to a 
solution 0.30 M in cupric ions, what is the theoretical concentra- 
tion of Cir^+ after equilibrium is reached (2^y + + 

3Qij? 

Solution : Experiment shows that the reaction is practically 
complete. 

[Al"*"- ] = 0.20 M (3 moles of Cu"^ give 2 moles of Al"^"^'^) 


0.0591 


log 0.20 “ +0.344 ’ 


0.0591 


log .T 


log X = —69 

.r = 1 X lO-®® mole. 

Example II . — A solution is prepared so as to be initially 0.060 
molar in Fe++, 0.10 molar in CrsOv” and 2.0 molar in H"-. " After 
the reaction, what would be the approximate concentration of the 
Fe++ remaining (6 Fe++ + Cr 207 “ + 14H+ 6Fe+++ + 2Cr++^' + 

7H2O)? 

Solution: Experiment shows that the reaction is practically 
complete. Since, according to the equation, 0.060 mole of Fe“+ 
would react with 0.010 mole of CnOr and 0.14 mole of H+, the 
latter two are initially present in excess and the concentration of 
Fe++ is the limiting factor. At equilibrium, [Fe+-i-+J = 0.060; 
[Fe++] = x; [Cr+++] = 0.020; [CrA"] = 0.10 - 0.010 = 0.090; 
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6 Fe++(a;M) 
2Cr+++(0.020 M) + TH.O 5 


: 6Fe+++(0.060 M) + 6 € 


+ 0 . 747 + 


CrsOT^CO.OgO M) + 14H+(1.86 M) 4- 6 e 
+1.30 + 


0-0591 [Cr^r][H+]« 


+0.747 + 5:^ log 3:^0 ^1.30 
1 X 


6 

0.0591 


Solving, 


6 


log 


[ Cr ^++]2 
(0.090) (1.86)1^ 


(0.020)2 


1 X 10~‘^. Am. 


46. Calculation of Equilibrium Constant from Electrode Po- 
tentials. — mass-action constant (Sec. 26) applies to a I’eaction 
under conditions of equilibrium. At tliis point the electrode po- 
t’entials of the halt-cell equilibria are equal and the over-all poten- 
tial is zero. 1 his gives a method of calculating the numerical value 
of the mass-action equilibrium constant of an oxidation-reduction 
equation from the respective specific electrode potentials. 
Example. — -Calculate the numerical value of the equilibrium 


constant of the reaction 2Fe++ + I 2 2Fe+++ + 21 “ (which at 


moderate concentrations proceeds only verj’- slightly from left to 
right as written). 

Solution: 

(1) 2 Fe-H- ?=> 2Fe+++ + 2e 

(2) 2I-?=±l2 + 2e 


(l)-( 2 ) 2 Fe++ + l 2 
[Fe+++]2[I-p 
iFe++f[h] 

El = E 2 (at equilibrium) 


2Fe+++ + 21- 
= K (mass-action constant) 


+0.747 ■ 


0.0591 [F^]' 


2 

0.0591 


2 

0.0591 


2 

0.0591 


Iog(' 

log 


[ Fe ++]2 

[Fe-t++]' 


= 0.535 + 


0.0591 


log 


[Id 


[Fe++]2 [I 
[Fe+++]2[i-]2 

[Fe++]2[l2] 


i-f) 


[I-]2 


- 0.212 


- 0.212 


log K = -0.212 


log K : 

K 


-7.0 

l.OX 10-h 


Ans, 
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; — Problems 

(See Table HI, Appendix, for the necessary oxidation potentials TemnA™ 
tures are 25°C.) ' 

186. Calculate the potentials of the half cells* 

(а) Hg?=iHg++(0.0010 M) + 2e 

(б) ^ Co++(0.24 M) + 2e 

(c) Pb++(0.0S0 M) + 2H.,0 + 4,H-(0.010 M) + 2e 

(d) H202(0.0020 M) O2 (2 atm.) +2H-''(1.5 M) + 2e 

volt”* (ffl) +0.77 volt. (6) -0.30 volt, (c) +1.24 volt, (d) +0.78 

187. Balance the following equation and expres.s it as the difference between 
two iialf-cell reactions: 


+ Cu++ -j- 2.^; (6) Mn02 + H 2 O 2 + 2H-^ 


-f Br- + + Bra -f H 2 O. 

(Pb++ + 2H,0^^ + 4H+ + 2e). * + -Bi. + 2e)- 

_ 188. Write the equation .showing the net reaction indicated bv each of the 
foUowang pairs ot halt-cell reactions. Show from the re.spective electrode 
potentials m wkch direction each reaction will go, assuming all ion concen- 
faations to be 1 molar, (a) ^ ^ Ag+ + e, Cu Cu+- + 2e* (b) H-O.. 

O, + 2H+ + 2e, Mn+-^ + 2H,0 ^ MnO, + 4IP~+ 26. 

o 1' OTT ? — + ha + 2H+ -> Mn++ + 

Ua ~r i!2rl2U. 

-189. Write complete and balanced equations for the half-cell reactions in 

place in acid solution; (a) Sb -> SbO+ 
(6) HNO. N 03 - (c) ^ hAsO. (d) BiO^ BJ^O, (c) Bi*: 41rOr ' 
Am. (a) ^ + AO SbO-^ + 2H+ + Se, (h) HNO, + H,0 NO3- + 

?n o— ^ ^ HAsO^ + 3H+ + 3e, (d) 2BiO- + 2AO t 

BiA + 4H + 2e, (e) Bra + 6 H 2 O 2BrOa- + 12H+ + lOe. 

190. Write complete and balanced equations for the Idf aaU .a *• 

HSnOa- Sn(OH)r, (d) PA - P, (e) ^ ^ 

HOo'- ^?TT ^ + 26, (h) HCHO + 30H- ^ 

191. U hat is the e.m.f. of the following concentration cell? 

Ag I Ag+(0.40 molar) I Ag+(0.0010 molar) I Ag 

In what direction is the flow of electrons through the solutions as written? 
volt. Left to right. 
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192. What e.m.f. can be obtained at 25“C. from the following cell? 

Zn I Zn++(0.010 molar) || Ag+(0.30 molar) j Ag 

electrons through the solutions? Write an 
equation ior the reaction at each electrode and for the net reaction. What 
w ould the concentration of Ag+ have to be for no current to flow? 

Ans 1 585 volts. Right to left. Zn Zn++ + 26 2Ag+ + 26 2Air 
Zn + 2Ag^ Zn++ + 2^* 4.5 X IQ-^l^ioIar. > ^^1= + - 2^ 

193. Calculate the e.m.f. obtainable from each of the following cells. In 
. - case indicate the positive to negative direction of the current in the wire 

connecting the electrodes, and write an equation for the net reaction. 

(o) Cd ] Cd++(1.0 M jj Cu++(1.0 M j Cu 
. (b) Hg I Hg++(0.10 M) jj Hg++(0.0071 M) 1 Hg 


(c) Pt 


I Pe++(0.10 M) 
Fe+++(0.30 M) 

I Mn++(0.10 M) 


i Cr+++(0.010 M) 
Cr^Oj" (0.20) M 

I H+(1.0 M) 


Pt 


(d) Pt Mn04~(0.060 M) (0.050 M) 

1 ... . ' C? „ 4 — (-4--!- /r\ 


(e) As 


1 H+(0.20 M) 

I Ag'''Cl (satd.) 


Sn++++(0.020 M) 
Pt 


Fe++ (0.10 M) 
Fe+++(0.20 M) 


Ans. (a) 0.742 volt, right to left. (6) 0.0340 volt left to riaht (A n liR 
volt, right to left, (d) 1.33 volts, left to right, (e) OATtoR, tSea 

194. What e.m.f. can be obtained at 25“C. from the following cell? 

Ag I Ag+(0.50 molar) jj Cd-^+d.O X 10'^ molar) | Cd 

In what direction do the electrons flow through the solutions as written? 
Write the equation for the reaction taking place at each electrode end ei ' 

tf flowf Ag+ have to be for no current 

Am.' 1.30 volts. Left to right. 6 X 10”23 mohir. 

be lfequT?brium'?* 2 A Ir ^e=»«tion shall 

e at equiJibnum. 2M + 3Cu++(2: molar) ips 2A1+++(0.10 M) + 3Cu 

Aws. 1.6 X lO-J" molar. ~ 

Ubil S ** “O'^ "“ta to to .1 .qui. 


5‘ ff : 

■P 

f i 
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197. If excess metalUc iron is placed in a solution 0.010 molar in Cu++ whot 

concentration of Cu++ will remain when equilibrium is reached? THp m’ ^ 
IS practically complete as follows: Pe + Cu++ Pe++ + Cu ' ^ 

Am. 3 X 10-» molar. — ' 

198. When excess metallic zinc is added to a solution 0 010 mpi,. ; a 4. 

n hat w the theoretical concentration of Ag+ after equilibrium is reached? ’ 
i&iction IS praoticaUy complete .as follows: Zn + 2Ae+ -» Zn++ + 9 1 ^ 

A'/wj. 2 X 10-iis. “ f. " 

.1 “ 4"“r ““ “ 0-30 

® the leaction IS practically complete (Fe++ + 

re.sultirjg concentration of Fe++? *^*^^' * attained, what is the 

Ans. 6 X 10-M molar. 

200. Calculate the equilibrium constant for each of the following: 

(a) Zn + Cu++ Zn++ + Cu ' ' 

(b) A1+++ + 3^r 5=± M + 3l^+ 
fr) Fe+++ + Ag Pe-+ + Ag-i- 
(d) 2Ce+++ + I 2 2Ce++++ + 21- 

(c) 6Fe++ + Ci-jO?” 4- 14H+ <=i 6Fe'^++ 4- 2Cr+''“<' 4- 7TT n 

(/) 2Fe+++ + 2Br-^2Fe++ + Br2 ^ 

A ns. (a) 3 X 10”. (6) lO'i^' I'd n m , p . 

(/) 1.7 X 10-“. ■ ^ ^ («.) 10“. 

dicS reactions in- 

203. Calculate the potentials of the folloiving half cells- 

(a) Ag Ag+(0.010 M) H- e 
(ft) Oq Co++(0.063 M) -f 2e 

no + ha w + 

^SOa-I-HsO. -fCl, (e) P^-f-HA-9 
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206 . Baktice the foUowing equations and express each as the difference 
between two half-cell reactions: (a) Fe++ -f H2O2 -1- H+ -♦ Fe+-^+ -f HjO 
( 5 ) Mn04“ + H2O2 -f- H+ -> Mn++ -+-02-1- H2O, (c) Cr+++ + MnOr ■+’ 

H2O CroO - -f Mn++ + H+ (d) I2 + H2O2 -►H+ + IO3- + H2O, (e) H.SOs -f 
H2S-^S-fH20. ,w . s-r 

206 . Write the following as balanced ionic equations and express each as 
the difference between two half-cell reactions: (a) SnS04 -f KjCraO? •+■ 
H2SO4 -» Sn(S04)2 + K2S04,-1- Cr2(S04)3 -h H2O, (6) As + HNO3 -t- 1120 
HsAs 04 -1- NO, (c) Br2 -f NH4OH NH4Br -f N2 -b H» 0 , (d) KI 4- KIO2 -1- 
HCl -> I2 -f- I-I2O ■+■ KOI. 

207 . Write an equation showing the net reaction indicated by each of the 
following paii-s of half-cell reactions. Show from the respective electrode 
potentials in which direction each reaction should go, assuming all ion con- 
centrations to be 1 molar, (o) Hg ^ Hg'*-'- + 2 e, ^ pi Zn++ -1- 2 e; (6) H2O2 ^ 
O2 + 2H+ + 26, Fe++ pt Fe+++ -|- e; (c) Pb++ -f- 2H2O pi PbOa + 4H+ •+• 
24 , 2C1- CI3 -t- 26; (d) 201“ p± CI2 -f- 26, 2Br- pi Br2 + 2e. 

208 . Solve the preceding problem with respect to the following half-cell 
reactions: (a) Sn++ Sn++++ -b 26, 21 “ pi I2 -f 26; (b) 2 Cr+++ ■+ 7H.0 pi 

^®(CN)6=P±Fe(CN)6--f-6; (c) Mn++ -f 2H2'o p± 

Mn02 -b 4 H -b 2e, Fe++ pi Fe+++ -be; (d) ^ pi Ag+ -b 6, NO -b 2H2O ps 
NOj- -b 4 H+ -b 36 . 

209 . The following reactions take place at ordinary concentrations as written : 

V++ -b TiO++ -b 2 H+ V+++ -b Ti+++ -b H2O 

Bi -b 3 Fe+++ -b H2O -i BiO+ -b 3 Fe++ -b 211+ 

^ + 2 Cr+++-» -f- 20 r++ 

6Br- -b CrjOj” + 14 H+ -> SBra + 2 Cr+++ -b 7 HoO 
3 Ti+++ -b BiO+ -b 2H2O 3 TiO++ -f Bi -f 4H+" 

2 Fe++ -b NO3- -b 3 H+ 2Fe+++ -f HNO2 -b HsO 

Mg -b Zn++ Mg++ -b ^ 

Q|.++ ^ y+++ Cr'^+‘+ 4- 

HNO2 -b Br2 -b H2O -> NO3- -b 2 Br- -b 3 H+ 

Convert each of these reactions into two half-cell reactions, placing the re- 
duced form on the left and the oxidized form and electrons on the right. 
Rearrange the 10 half-cell reactions in tabular form in such a manner that the 
strongest^reducing agent is at the top left and the strongest o.xidizing agent 
IS at the bottom nght. Prom the tabulation predict which of the following do 
not react at ordinary concentrations and write balanced ionic equations for 
ttose that do: (a) Zn++ -b V++ (6) Fe++ + TiO++, (c) Gr++ -b NO3- + 

H+, (d) a -b Br2, (c) Cr 20 ?“ -b TiO++ -b H+. 

210. Which of the following reactions should take place as indicated when 
mn concentratio.^_are 1 molar? (a) 2 C 1 - + h -^ Oh + 21 - (b) 2 Pe(CN)s- -b 

7 )e + O2 + 2 H+ (c) 2 Fe++ + Pb02 -b 4 H+ -♦ 2 Fe+++ -f 

Pb^^-b 2H2O, (d) m + 6 H+ 2 Bi+++ -b 3H2, ( 6 ) 10 Cr+++ -b 6Mn04- + 

.PH 20 v’^; 5 €rgG 7 “:d- 6Mn^^ ■■ 
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late the e.m.f. of each of the following cells. In each ca 
Jrectwn of the passage of electrons in the wire connecting t 
1 write an equation for the net reaction. 

(a) Ag j Ag+(1.0 M) jj Cd++(1.0 M) j Cd 

(b) Cu I Cu++(0.010 M) II Cu++(0.090 M) | Cu 

Cr+++(0.050 M) I _ , 

(c) Pt Cr,Or(0.10 M) Pt 

H+(2.0 M) I J^e+++(0!dl6 M) 

MS p. Sn++(0.020 M) Mn+'^(0.050 M) 

' Sn++++(0.080 M) (0-10 M) Pt 

H+(0.40 M) 

M Pt T’e++(0.25M) |l , | 

Pe+++(0.050 M) I (satd.) j Ag 

i the e.m.f. of the following concentration cell? 

Cu++(1.0 X lO-i^ molar) || Cu++(0.080 molar) [ Cu 

m IS the flow of electrons through the solutions as wTitten? 
m.f. can be obtained at 25‘’C. from the following ceU? 

: 1 Ag+(0.30 molar) || Cd++(1.0 X 10-» molar) | Od 

m IS the flow of electrons through the solutions? Write the 
> reaction at each electrode and for the net reactior ^^Jt 
ntiation oi Ag+ have to be for no current to flow? 

3f zinc is mmersed in a 0.025 molar solution of .silver ions at 

+ practically complete' 

ent ation of silver ions theoreticaUy remaining in the solution? 

r Zn 1 2 I?-kT the following reaction shafl 

1. ^ + 2Ag+(x molar) Zn++(1.0 X 10"= molar) + 24vi> 


+ 16H+ ?:4 5 l 2 + 2Mn-M- 4- 8 H 2 O 


PART II 

GRAVIMETRIC ANALYSIS 


chapter YU 

THE CHEMICAL BALANCE 

47. Sensitiveness of the Chemical Balance.— The detemina- 
Mon of the weight or the mass of a body is a fundamental measure- 
ment of analytical chemistry and is made with an equal-arm 
balance of high degree of precision. An equal-arm balance con- 
sists essentially of a rigid beam supported horizontally at its center 
on a knife-edge and so constructed that the center of gravity of 
the swinging portion is below the point of support. 

The sensitiveness or sensitivity of a chemical balance is the tan- 
gent of the angle through which the equilibrium position of the 
pointer is displaced by a small excess load (usually 1 mg.) on the 
balance pan. This angle is usually so small that it is sufficiently 
accurate to define the sensitiveness of a balance as the number 
of scale divisions through which the equilibrium position of the 
pointer of the balance is displaced by an excess load of 1 mg. 

The sensitiveness varies directly with the length of the balance 
beam, inversely as the weight of the beam, and inversety as the 
distance betrveen the center of gr-avity of the swinging portion 
and the point of support. That is, 

tan a = 7 ^ fc 
bd 

where a = the angle through which the pointer is moved 
b = the rveight of the beam 
1 = the lerrgth of the beam 

d = the distance between the center of gravity and the 
point of support 
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The sensitiveness of a balance decreases slightly with increasin'’' 
load. *= 

_ 48. Method of Swings.— In most analytical work, it is suffi- 
ciently accurate to make weighings by the method of short smngs. 
The pointer of the balance is allowed to swung only one or two 
scale divisions to the right or left of the zero point of the scale 
and the reading of the weights is taken ^hen the extreme posi- 
bons of the pointer to the right and left of the zero point are equal. 
Ihe balance is, of course, previously adjusted so that with no 

load on the pans the extreme positions of the pointer are likewise 
equal. 

For rnore accurate work the method of lotig swings is used. The 
equilibrium position of the pointer is first determined by allowing 
1C iCcim 0 the empty balance to swing so that the pointer passes 
mei SIX o eight divisions on the scale. Extreme positions of 
the pointer in an odd number of consecutive swings are recorded- 
tor example, three readings are taken to the right of the zero 
point ot the scale, and twm readings are taken to the left of the 
zero point. The tw-o sets of readings are averaged, and the 
equjUbnum potion of tho pointer is taken as the aigebtaic mean 
the too values. As an illustration, assume that the pointei- of 
a balance swungs as indicated below: 


Average: -3.3 + 47 f 

Equilibrium position: = -|-o 4 

f “ determined by placing it on 

welhi f weights aL rWef or 

as that%Ttaffier'-ffi equilibrium position is the s^me 

ieigt from X t ” ^ 2 ) calculating the 

weight fiom the sensitiveness of the balance and the equiUbrium 
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position corresponding to an approximate weighing of the object. 
For example, suppose the equilibrium position of the pointer under 
zero load is +0.4 as determined above. Suppose that, when an 
object is balanced with 20.1260 grams, the equilibrium position 
is found to be +1.6 and the sensitiveness of the balance under a 
20-gram load is 4.0 (f.e., a 1-mg. increment shifts the equilibrium 
position by 4.0 scale divisions); then the necessary shift of 1.2 
divisions to the left to bring the equilibrium position to +0.4 is 
accomplished by increasing the weight on the right-hand side of 
the balance by 1.2/4.0 = 0.3 mg. The weight of the object is, 
therefore, 20.1263 grams. 

49. Conversion of Weight in Air to Weight in Vacuo.— Archi- 
medes’ principle states that any substance immersed in a fluid 
weighs less by an amount equal to the weight of fluid displaced. 
Consequently', a substair ce weighed in the ordinary^ manner is 
buoy'ed up to a slight extent by'^ the surroundmg air, and for 
accurate determinations, especially' those involving the weighing 
of objects of large volume, a correction for this buoyant effect 
must be applied. Since the usual method of weighing consists in 
balancing the substance to be weighed against standard weights, 
the surrounding air likewise exerts a buoyant effect upon the 
weights. If the volume occupied by the weights used is equal to 
the volume occupied by the substance, the buoyant effects will 
be equal, and the weight of the substance in vacuo will be the 
same as its weight in air. If the volume occupied by the substance 
is greater than the volume occupied by the weights, the substance 
will weigh more in vacuo than in air; and if the weights have the 
greater volume, the substance will weigh less in vacuo than in air. 
In any case, the difference betw'een the weight in air and the weight 
in vacuo will be equal to the difference between the weight of the 
air displaced by the substance and the weight of the air displaced 
by the weights used. The weight in vacuo IF" may be expressed 
by the equation 

Wo = W+(V-V')a 

where W = the weight of the substance in air 

V = the volume occupied by the substance 
V' = the volume occupied by the weights used 
a = the weight of a unit volume of air 






^uiougn me value of a varies slightly with the temperature 
and barometric pressure, the approximate value of 0.0012 gram 
for the weight of one milliliter of air may be used except in cases 
uhere extreme accui-acy is required or where the atmospheric con- 
ditions are highly abnormal. The densities of a few common sub- 
btances are shown in Table I. A consideration of the precision of 
the various terms shows that the values of a, d, and d' need be 
novn only appro.xiraately and that in most cases the computa- 


Table I. —Densities 

Aluminum 

Brass 

Brass (balance weights) 

Copper 


A .Few Common Subst. 
Mercury ........ 

Nickel....... 

Platinum . .... 

Porcelain 

Quartz 

Silver 

Steel 
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Example. — A platinum crucible weighs 25.6142 grams in air 
against brass analytical weights. What is its weight in vacuo? 
Solution : 

Density of platinum = 21.4 = d 
Density of brass weights == 8.0 = d' 

Weight of 1 ml. of air = 0.0012 gram == a 

Substituting in the above formula, 

= 25.6142 + - ^^ 1 ^) 0.0012 

- 25.6143 + (|-|5)o.0012 

- 25.6142 - 0.0024 

== 25.6118 grams. Ans. 

50. Calibration of Weights. — In an ordinary quantitative chem- 
ical analysis, if the same set of weights is used throughout, it is 
immaterial whether or not the masses of the weights are exactly 
as marked so long as they are in correct relative proportion. The 
mass of the 5-gram weight should be exactly one-half that of the 
10-gram weight, and the others should be similarly in proportion. 
In order to establish this relationship and to determine what cor- 
rection factors must be applied to the individual wmghts of a 
given set, the weights must be calibrated. 

There are several ways of calibrating weights. One of the sim- 
plest is to assume temporarily that one of the smaller weights, 
say the 10-mg. weight, is correct and to determine the value of 
the other weights in relation to it. In order to allow for the 
possible fact that the arms of the balance may be slightly unequal 
in length, weighings should be made by the method of mhstiiution^ 
which practically eliminates any error from this source. 

Ordinarily the masses of objects A and .B are compared by plac- 
ing them on opposite pans of a balance, but by the method of 
substitution, object A is placed on the left-hand pan and is bal- 
anced against a tare (which may be a weight from an auxiliary 
set) on the right-hand pan. A is removed and B is placed on the 
left-hand pan. If it exactly balances against the same tare, it 
has the same mass as A. If there is a slight difference, the change 
in position of the rider or chain necessary to reestablish equilib- 
rium can be taken as a measure of the difference in mass. 




Necessary 

correction, 


weight, 

grams 


0.010 

(initial standard) 
0 . 010 ' 
0.020 
0.050 
0.100 
0 . 100 ' 

0.200 

0.500 


£ True value, 


based on 

Fractional part 

O.OlO-gram 

of 10-gram 

standard 

standard 

— . 
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Actually its value is 5.0562 grams; hence it is 0.0002 gram too 
light. Iheiefoie 0.2 mg. must be subtracted from a weighing in 
which its face value is used. 

In weighing a given object, instead of applying a correction 
for each weight used, it is less tedious to construct a table showing 
cumulative corrections. By means of such a table the total cor- 
lection is found from the sum of the face values of the weights 
on the pan. In this case it is necessary when weighing an object 
to adopt the convention of using the smallest number of weights 
possible, to use an “unprimed” weight (e.g., 0.100 gi-am) in pref- 
erence to a “ primed " wveight (e.g., 0.100' gram), and to construct 
the table accordingly. In the table given, a total weight of 0.18 
gram would show a net correction of -0.3 mg., Avhich is the alge- 
biaic sum of the individual corrections of the weights havdng the 
face values 100, 50, 20, and 10 mg. (i.e., -f-O.l-b 0 0 - 0 3 - 0 1 = 
-0.3). 

Problems 

219. The addition of a small weight to a certain balance displaces the 

pointer through an angle of 6”. Through what angle would a weight BA 
times as gi'eat displace it? ' “ 

Am. 8“ 57'. 

220. A crucible weighing approximately 10 grams is being weighed. The 
pointer of the empty balance has an equilibrium position at +0.2 on the 
scale, and the sensitiveness of the balance under a 10-gram load is known to 
be 3 6 .hvisioas With the rider at 4.8 (mg.) on the beam, the equilibrium 
point of the balance is found to be at +2.7 on the scale. To what point 
on the beam should the rider be moved to make the correct final reading? 

■ Ans. 5.5. 

221. men the pointer of a balance (having a 10-gi-am load on each pan) is 

8et in motion, it swings on the scale as follows: right to +7.6; left to •“6.4- 
right to -5.8; right to +6.2. With an additional 1-mg. weight 

on the right-hand pan, the pointer swings as follows: right to +1 O’ left to 
-8.2; right to +0.4; left to -7.6; right to -0.3. What k the sensitiveness 
(m scale divisions) of the balance under a 10-gram load? 

' Ans. 4.2 divisions., , 

222. The balance of the preceding problem is used to weigh a certain 
crucible and is adjusted so that the equilibrium position of the pointer is at 
zero when the balance is empty. With the crucible on the left-hand pan with 
weights total mg to 10.12 grams on the right-hand pan, and with the rider at 
d.O mg. on the right-hand beam, the equilibrium position of the pointer is 



f I ti ^ 
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found to be at -17 on the scale division. What is the weight of the crucible 
to the nearest tenth of a milligram? crucible 

10.1226 grams, 

223. A sample of an alloy having a volume of 2 ml. is weighed in sir with 
weights and is found to weigh 16.0000 grains. What is its weight in 

Ans. 16.0000 grams. 

in S^Lg^iSt 
4ns. 34.9968 grams. 

weighing 12.3456 grams in air has a volume of 2 ml and n 
in vacL?'’"'*' ° does it’w^eigh 

Ans. 12.3408 grains. 

Ans. lb.0005 grains. 

Ans. 12.8162 grams. 

iftJaipB-iSSEiGs 

Alia. 0.99991 gram. 36.0031 grams. 

.-r;.'a"ss 

weight is found to be 2 0169 trains and in basis the 2-gram 

Bureau of Standards to be corrLt^ w^hin 1 Tn- 

10.0856 grains. What et^shoSt: 

any weighing in which its face value is takea'a^ ite tl w^^^ “ 

Ans. —0.2 mg. 

r‘“ ‘1““ 
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-9.2; right to +2.6; left to -8.7; right to +2.2. What is the sensitiveness (in 

scale divis.ions) of the balance under a 20-gram load? 

232. llie balance nientioned in the preceding problem is adjusted so that 
the equilibrium position of the pointer of the empty balance is at zero and is 
used to weigh a certain crucible. With the crucible on the left-hand pan, with 
weights adding to 19.87 grams on the right-hand pan, and with tlie rider at 
8.0 mg. on the right-hand beam, the equilibrium position of the pointer is 
found to be at +1.2 on the^scale division. What is the weight of the crucible 
to the nearest tenth of a milligram? 

233 . What would be the weight of a piece of gold in vacuo if in air against 

brass weights it weighs 14,2963 grams? 

234 . In vacuo, a quartz dish weighs 22.9632 grams. Calculate the w^eight 

in air against brass weights. 

235. In determining an atomic weight, a final product which has a density 
of 6.32 is weighed in air against gold weights. What percentage error would 
be made by failing to convert tliis weight (10.0583 grams) to the weight 

in vacuo? 

236. hind to the nearest tenth of a milligram the weight in vacuo of a 
piece of silver wMch weighs 20.0113 grams in air against brass weights. 

237. Find the weights in vacuo of two crucibles, one of gold and one of 
aluminum, each weighing h5.0000 grams in air against brass weights. What 
would the gold crucible weigh in air against aluminum weights? 

238. What is the density of a solid wliich weighs approximately 20 grams 
in air against brass weights and the weight of which incretises by exactly 
0.01 per cent in vacuo? What is the density of a similar substance the weight 
of which decreases by 0.01 per cent in vacuo? 

239. From the correction values given in Table II construct a table of cumu- 
lative corrections for ^veigliings ranging from 0.01 to 0.99 gram and construct 
another table of cumulative corrections for weighings ranging from 1.00 gram 
to 99.99 grams. (Hint: To sawe space use a tabulation similar to that used in 
logarithm tables.) 

240. ^ Assuming that the 20-gram weight in a given set has a value of 20.2364 

grams in relation to the 10-mg. weight as a standard, what should be the value 
of a 500-mg. weight to have a zero correction if the 20-grani weight is taken as 
the final standard and assumed to be 20.0000 grams? If the 500-nig. weight 
actually has a value of 0,5063 on the basis of the smaller standard, wdiat 
correction should be applied for this weight in any weighing in wiiich its face 
value is taken as its true \veight? . ■ 



oi uenmxe woportions AppKed to Calculations of 
Gravmetnc Analysis-Gravimetric analysis is based on the law 
oi definite proportions, which states that in any pure compound 
Je proportions by weight of the constituent elements are always 
the same, and on the law of constancy of composition, which states 
that masses of the elements taking part in a given chemical change 
alwa,ys exhibit a defimte and invariable ratio to each other It 
consists in determining the proportionate amount of an element 
radical, or compound present in a sample by eliminating aU in- 
teilermg substances and converting the desired constituent or 
opponent into a weighable compound of definite, known compo- 
sition Having then determmed the weight of tins isolated coL 
pound, the weight of the desired component present in the sample 
can be calculated (see also Chap. III). ^ 

in dissolved 

fii ^ precipitated with silver nitrate ac- 

corclmg to the following equation. 

NaCl + AgNOa AgCl + NaNOa 

CI~ + Ag“^* — ^ AgCl 

iumshing 1 000 pam of sUver chloride. What is the weight of 
chlorine in the original sample? c ueignt oi 

chloi-hTir^ always contains silver and 

latio of 10/. 88. 35.46, m every 143.34 (107.88 + 35.46) grams of 
& ver chlonde there are 35.46 grams of chlorine. In 1.000 gram 
of silver chloride there is giam 

1.000 X = 1.000 X = 0.2474 gram of chlorine. Ans. 

_ Example II.— The iron in a sample of FeCOa containing inert 
impurities is converted by solution, oxidation, precinitatiol and 
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ignition into FeaO., weighing 1.000 gram. What is the weight of 
iron expressed as FeCO,, as Fe, and as FeO in the original sample? 

Solution: The reactions may be expressed by the following 
molecular equations: 

FeCOs + 2 HCI FeCh + CO^ + H,0 
2 FeCOs + 4 HC 1 ^ 2FeCl2 + 2CO2 + 2H2O 
2 FeCl 2 + Br^ + 2 HC 1 -> 2 FeCh + 2HBr 
2FeCl3 + 6NH4OH 2Fe(OH)3 + 6NH4CI 
2Fe(OH)3 -> FesOa + SHsO 

From these equations it is seen that one molecular weight in 
grams (one nu>le) of FeCO., uill furnish one molecular weight in 
p*ams of FeCl 2 , or 2 moles of FeCOs will furnish 2 moles of FeCh 
Two moles of FeCh wiR give 2 moles of FeCh, ivhich in turn mil 
precipitate 2 moles of Fe(OH)3; and this last compound on igni- 
tion will gn e one mole of Fe^Os. Hence, every 2 moles (231.72 
FeC03 wdl eventually furnish one mole ( 159 . 70 ) grams 
of hesOs, and it vdll do so independently of the nature of the 
process or composition of the reagents used to bring about the 
conversion. Indeed, the above reactions are better written in 
the ionic form, thus: 

^^C03 4 - 2 H+ — > Fe++ + CO2 + H2O 
Fe++ + i^Bi-a Fe+++ + Br* 

Fe+++ + 3NH4OH — > Fe(OH)3 + 3NH4+ 

2 Fe(OH )8 ^ Fe203 4 - 3H2O 

and for purposes of calculations all the intermediate steps may be 
omitted and the fimdamental change expressed by the hypo- 

thetical equation 


2FeC03 


^ Fe^Og ■+•2002 


In general, it is unnecessary to determine the weights of inter- 
mediate products in a reaction that takes place in steps, and for 
purposes ot calculation only the initial and final substances need 

he.'Considered. 

Since two moles (231 72 grams) of FeC03 mil furnish one mole 
( 159./0 giams) of Fe203, by simple proportion, 1.0000 gram of 


FeaOa will be obtained from 1 .0000 X 


2 FeC 03 


= 1.0000 X 


231.72 

159.70 
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1.4510 grains of FeCOa. Since each mole of FeCOs contain^ 
gram-atomic weight (55.85 grams) of Fe and represents the eo- 
lent of one mole (71.85 grams) of FeO(FeCO,, FeO + COf) 
corresponding weights of Fe and FeO would be 

1,0000 X =1.0000 X - = 0.6994 gram of Fe, 

and 

1.0000 x|?s =1.0000 x^^lIlj5 = nsQa« 


boLUTiON: l^hatever equations may be writ 
the conversion of the FcsOi to the FesOs^t will be 
every 2 moles of Fe304 there are obtained 3 mol 
the hypothetical equation may be written 

2Fe304 -b 0 SFesOs 

Hence, 

^ 3Fiwi ^ ^ S'J'an 

52. Chemical Factors.— A chemical factor ma 

the weight of desired substance equivalent to a 
given substance. Thus, in the above three exar 
bers obtained from the ratios Cl/AgCi, 2FeC03/F( 
2Fe0/Fe203, and 2Fes04/3Fe203 are chemical fa( 

represent the respective weights of Cl, FeCCJg, Fe 
equivalent to one unit weight of AgCI or of Fe 
may be. 

A weight of one substance is said to be equim 
another substance when the two vdll mutually ei 
or indirect reaction in exact respective proportion t< 
In the example cited above, 231.72 grams of FeCO, 
grams of FejOs. Hence, 231.72 grams of FeCOs 
to 159.70 grams of FejOa. The equivalent weigt 
and compounds may be e.xpressed by mutual pr( 
the case just given,, or they may be referred to a cor 
foi- which purpose the atomic weight of hydrogen (1 
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Notice that in expressing a chemical factor the atomic or molec- 
ular weight of the substance sought is placed in the numerator 
the atomic or molecular weight of the substance weighed is placed 
in the denominator, and the coefficients are adjusted in accordance 
with the reachons involved. When the principal element or radical 
desired occurs in both numerator and denominator, usually the 
numbei of atomic weights of this element or radical will be the 
same in both numerator and denominator, although there are in- 
stances when this is not true. For example, in the reaction 

2CuCl CuCh -f- Cu 

the weight of free copper liberated from one gram of cuprous 
chloride is 1.000 X (Cu/2CuCl) = 0.3210 gram, and 0.3210 is the 
chemical factor in this particular case. 

That the principal element does not always occur in both nu- 
merator and denominator is shown in the determination of bromine 
by precipitation as silver bromide and conversion to silver chloride 
with a current of chlorine. 


2AgBr + CI 2 -> 2AgCl + Br^ 

Here the weight of bromine represented by one gram of silver 

chloride is ^ ^ = q 5573 ototyj 

2AgCl 2 V I4.^t .^4 w.oo/s giam. 


-“2AgCl 

63. Calculation of Percentages.— Since the chemical factor rep- 
resents the weight of desired element or compound equivalent to 
one unit weight of the element or compound weighed, from any 
weight of the latter the weight of the former can be calculated. 
The percentage of that substance present in the sample may be 

found by dividing by the weight of sample and multiplying by 

100 . 

EX.A.MPLE I.— If 2.000 grams of impure sodium chloride are dis- 
solved in water and, with an excess of silver nitrate, 4.6280 grams 
of silver chloride are precipitated, what is the percentage of chlorine 
in the sample? 

Solution; The chemical factor of Cl in AgCl is 0 2474 in- 
dicating that 1.000 gram of AgCl contains 0.2474 gram of Cl.’ In 
4.6280 grams of AgCl there are therefore 4.6280 X 0.2474 = 1.145 
grams of Cl. Since this amount represents the chlorine present 
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in 2.000 grams of the material, the percentage weight of chlorine 

be 2;~X 100 = 57.25 per cent. Ans. 

^ Example II. half-gram sample of impure magnetite (Fe,,04) 
IS converted by chemical reactions to FesOj, weighing 0.4110 gram 
What IS the percentage of Fe304 in the magnetite? 

Solution: The chemical factor of ,Fe304 from Fe^O, 
2FeA/3FeA = 0.9666 which represents' tlL weigM of Fe^^ 
equivalent to 1.000 gram of Fe^Oa. The weight of Fe304 equiva- 
lent to 0.4110 gram of FeaOs must be 0.4110 X 0.9666 = 0.3973 

gram, and the percentage of Fe304 in the sample must be x 

100 = 79.46 per cent. Ans. 0.5000 


241, Calculate the chemical factors for convertinrr (ft's p«qa ^ -n 

« Cb.0, .. Cb-, (,) MSJ..O. MgO, «, KO,oT*5,,‘S 

An^. {a) 0.5885, (6) 0.6990, (c) 0.3621, {d) 0.3399, (c) 1.035. 

242. Calculate the chemical factors of the following: 


Weighed 

{a) (NH4)2PtCl6 jq-jjg 

p)MoS3 Moa 

(c) UsOs U 

fl s N.ajBA.10H2O 

(e) (NH4)3P04.12 Mo03 PA 

Am. (a) 0.07671, (6) 0.7492, (c) 0.8480. (d) 2.738, (e) 0.03783. 

T' n of sulfur in 5.672 grams of barium sulfate? 

/ins. 0.7790 gram. 

..T Na 2 S 04 . 10 H 20 are eauivqlent in tK.. at ■ .t, 

^aCl requu'ed to precipitate AgCl from 2.000 grams of AgNO^? “ " 

Ans. 1.896 gram. 

r-a“ ••«»»■«»= 

Fe(NH 4 ) 2 (S 04 ) 2 . 6 H 20 ? percentage of 

Ans. 94.82 per cent. 

w 1.28 p>,«,t,(J)43Ji2 per cat, fc) 1.60 p».en, 0.4237 g«n. 
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247. What weight of pyrite containing 36.40 per cent of sulfur must have 
been taken for analysis in order to give a precipitate of barium sulfate weighing 

1.0206 grams? 

Ans. 0.3850 gram. 

248. What is the percentage composition of a brass containing only copper, 
lead, and zinc if a half-gram sample furnishes 0.0023 gram of .PbS04 and 
0.4108 gram^ of ZnNH4P04? W^hat weight of Zn2P207 could be obtained by 
igniting the zinc ammoniunf phosphate? 

Alls. Cu = 69.60 per cent, Pb - 0.31 per cent, Zii = 30.09 per cent. 
0.3510 gram. 

249. What is the percentage of fluorine in a sample of soluble fluoride 
weighing 1.206 grams if it yields a precipitate of CaFs weighing 0.4953 gram? 

20.01 per cent. 

250. The nitiogen in a Iialf-gram sample of organic material is converted 
to NH4HSO4 by digestion with concentrated H2SO4. If the NH4+ ions are 
precipitated as (NH4)2PtCl6 and the precipitate is ignited to Pt, what is the 
percentage of nitrogen in the sample if the metallic platinum weighs 0. 1756 
gi’am? 

.Aws. 5.044 per cent. 

251. A sample of py rite, Feb2, contains only silica and other inert impurities 
and weighs 0.5080 gram. After decomposing and dissolving the sample, a 
precipitate of 1.561 gram of BaS04 is subsequently obtained. Calculate the 
percentage of sulfur in the sample. If the iron in the solution had been pre- 
cipitated as Fe(OH)8 and ignited to Fe203, w^hat weight of ignited precipitate 
W'OuId have been obtained? 

Ans. 42.20 per cent. 0.2671 gram. 

252. A sample of alum, K2S04.Al2(S04)3.24H20, containing only inert im- 
purities weighs 1.421 grams. It gives a precipitate of A](OH)3 which, after 
ignition to AI2O3, weighs 0.1410 gram. What is the percentage of S in the 
alum? What is the percentage purity of the alum? 

Ans. 12.49 per cent. 92.43 per cent. 


253. Calculate the chemical factors for converting (a) Fe203 to Fe* 
(5) AgCi to KCIO4; (c) Cu3(AsO8)2.2As2O3.Cu(C2H802)2 (moL wt = 1014) 
to AS2O3,; id) BaS04 to HSCN ; (e) K2Ai2(S04)4.24H20 to H2SO4. 

254, Calculate the chemical factors of the following: 



Weighed 

(a) Mg2p207 

(b) K2PtClG 

(c) MnsO^ 

id) Cu 2(SCN)2 
(e)' KBF4 , 


Sought 

P 

KCi 

Mn203 

HSCN 

Na2B4O7.10H2O 





I' '! 

I I * " ' '' 

f ( : ' 


f i .11 


j; J* il 
f ?. 

I. 


ilii 


m 


108 OF ANALYTICAL CHEMISTRY 

AgfSo?"' fr°"V 4.7527 grams of 

Ca!(P 04 )!r phosphorus are contained in 1.000 ton of 

257. A manufacturer using potassium cvnnidp in n ...... • , . 

use as cyanide only, substituted sodLm Se “^ZTf 
chemically equivalent quantity of potassium evanil^ft S 

much did he save per pound of KCN? ^ ^ a pound. How 

-268. An animordum salt is converted intn /^TMPr ^ j .t 

igmted until only the Pt remains in the cruciSe T 

0.1000 gram, what weight of NHa was present in originSsS? 

« rolLt^^^^ i.-ting 2.000 

(C) 3 Ca.(P 04 )..CaC 0 . (mol. wt = 50^ ’ ® '^“S04.Al,(S0.,)a.24H.0, 

261. An alloy is of the following comnosition • P., - cs m 

cl r“T’ r- S.8op:.:.“® 

A .sample weighing 0.8060 gr.am is dissolved in 1 i i x , 

Copper IS deposited on the c.athode- Pbo' is rit, electrolyzed. 

NII.OH I, adM d, ,h. ...iZ, i thS fSShi t “ 
precipitate is igpittai to FeA. The zinc in the Z Precipitated and the 
ZnNH 4 P 04 and ignited to Zn..P.O \vif,+ ■ Precipitated as 

Zn.P,a were obtained? " ^u, PbO,. Fe.Oa and 

a “t XZTIS7„1,!LZ.Z77‘“‘: “» 

contained in 1.100 grams of CasfPO^),.? ' combined ftOs that is 

to SbA an/?hirsKncrH f^nited^to^SF^^^^ converted 

gram, what is the percentage of Sb in the allV? ^ 0.130o 

and, after di.s.Llvkg^'^'llbsequl!^^^^ °-4753 gram 

0.2121 gram. What Is the purity of tbf Pf^P't^te of PbSOx weighing 

eentage of Pb? In terms of Sntege of SS? P- 

'veighs C658'^mU^^x5tiS£g^JxSiz‘-“^^^^^^ only inert impurities 
the Fe(OH)s ignites to FeaOa and weighs 0 3m J^^®"P'tating the iron, 

centoge of suFur in the sample. What is the net T' per- 

sample? *‘'‘® Percentage of impurities in the 

precipitated aAlnO^ mid°^ited*^\iro i^® manganese subsequently 
-..Pte .he e. Mn“t£p^-t‘l'ZS,:rpr“' 
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54. Calculation of Atomic WeigMs.—Determinations of atomic- 
weight values at the present time are chiefly revisions of those 
already established, in order that their accuracy may be in keep- 
mg with improved apparatus and methods. In such eases, the 
formulas of the compounds involved are well established and the 
required calculations are thereby made ver 5 ^ simple. The experi- 
mental procedure usualjy followed is to prepare from the element 
a known compound of high degree of purity. This compound is 
weighed, and the percentages of its constituents are determined 
gravimetrically. The mathematical computations involved are 
e.xactly similar to those of an ordinary gravimetric analysis, except 
that the atomic weight of the desired element is the only unknown 
factor. 

Ex.\mplb. — Carefully purified sodium chloride weighing 2.56823 
grams furnishes 6.29/1 grams of silver chloride. Assuming the 
atomic weights of the chlorine and silver to be established as 
35.45/ and 10/. 880, respectively, calculate the atomic weight of 
sodium. 

Solution: 


Weight of NaCl = weight of .\gCl X 
2.56823 = 6.2971 X 
2.56823 = 6.2971 X 


NaCl 
AgCl 

NaCl 

AgCI 

Na -t- 35.457 


Solving, 


107.880 + 35.457 
Na = 23.003. .4 ns. 


Problems 

267. If silver phosphate is found by careful anafysis to contain 77.300 per 
cent silver, what is the calculated atomic weight of phosphonis (Ag = 107.88)? 

4«s. 31.04. 

268. Prom an average of 13 e.xperiinents, Ba.xter find.s the ratio of silver 
biomide to silver chloride to be 1.310171. If the atomic weight of silver is 
taken as 107.880 and that of chlorine as 35.457, what is the atomic weight of 
bromine? 

Ans. 79.915. 

269. In determining the atomic weight of manganese, Berzelius in 1828 
obtained 0.7225 gram of Mn 203 from 0.5076 gram of Mn. Von Hauer in 
1857 obtained 13.719 grams of Mn304 from 12.7608 grams of MnO. In 1906 
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Baxter and ffines obtained an average of 11.43300 grams of ^ 

6.53738 grams of MnBr-. What are the three values as determine, 

79.916), 

Ans. o6.66, 55.024, 54.932. 

270. Ill determining the atomic weight of arsenic, Baxter a 

converted several .samples of .^gsAsO^ into AgCl and found th 
value for the factor SAgCl/AgsAsOi to be 0.929550. U.sino- t 
Ag/AgCl as foimd by Richards and Wells to be 0.752032 ealculat 
centage of Ag m Ag 3 A.s 04 . Taking the atomic weight of .silver as 

caieiilate to five figures the atomic w^eight of arsenic 


the atomic weight of aluminum, Richards and Krepelka 

experimentally determined the weight of 
6'>^P©nments were 

Wt. Ag 
6.11324 
6,55955 
4.14786 
2.40285 

as 1 07.880 and that of bromine is 
mean value obtained for the atomic weight of 

ista. ihe ratio of the weight of sihcon tetracliloride to the wei°-ht of an 

ss? 

silicon. ~ tlie atomic weight of 

273. Classen and Strauch have determined the weights of bismuth oxide 
obtainable from several samples of pm-e bismuth triphenvi. In one such 
deteimmatmn, 5.34160 grams of Bi(C.He). gave 2.82761 grams TblS 

“oTo-h i“ ‘S!° “““ 

W - 1.15422, .IjCl/.lg . 1.328668, 

66. Calculations Involving a Factor Weight Sample— It is 

sometimes desirable in industrial work, where large numbers of 

STmL are analyzed, to regulate the weight 

or sample so that the weight of the fino) i ® . 


prepared pure samples of AlBrs and cr - ' 'VT.' ‘T’ 

silver required to precipitate the halogen. Results of four 

as follows: 

W"t. AlBks 

Sample I .5.03798 

Sample 2 5.40576 

3 3.41815 

Sample 4 1.98012 

If the atomic weight of silver is taken 
taken a.s 79.916, what is the 
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desired, constituent. This makes it possible to have the sample 
weighed out directly against a tare, perhaps by someone inexperi' • 
enced in exact weighing, and at the same time to eliniinate both 
the tedious calculations necessary for each analysis and the pos- 
sibility of mathematical errors. 

The calculation of a desired constituent 'in a chemical analysis 
involving a direct gra-v^metric determination is carried out by 
means of the following formula: 


Grams of product X chemical factor 

^ xULl 

CTranis oi sample 


per cent 


Since for a specific determination the chemical factor is a con- 
stant, the expression contains only three variable factors, viz., the 
weight of product, the weight of sample, and the percentage of 
desired constituent. If any two are knowm, the third can be cal- 
culated; or, since the expression involves only multiplication and 
division, if the numerical ratio between the weight of product and 
the w’-eight of sample, or between the weight of product and the 
percentage of desired constituent, is known, the reniaining term 
can be determined. Thus, if the weight of product is numerically 
equal to the percentage of desired constituent, these values cancel, 
and the weight of sample becomes equal to one hundred times 
the chemical factor. If the weight of product is numerically equal 
to the ’weight of sample, these values cancel, and the percentage 
of desired (ionstituent becomes equal to one hundred times the 
chemical factor. Other ratios may be inserted in the expression, 
and the calculation made in a similar way. 

‘ Example. — The chemical factor of a certain analysis is 0.3427. 
It is desired to regulate the weight of sample taken so that (a) each 
centigram of the precipitate obtained will represent 1 per cent of 
the desired constituent; (b) every 2 centigrams of precipitate will 
represent 1 pei' cent of the desired constituent; (c) the percentage 
will be twice the number of centigrams of precipitate ; (d) three- 
fourths of the V' eight in grams of precipitate will be one-fiftieth 
of the percentage of desired constituent. What weight of sample 
should be taken in each case? 

Solution: (a) The relation between the weight of precipitate 
and the percentage of constituent is such that 0.01 gram ^ A per 
cent. Hence, 


lii 
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0.01 X0.3427 


X = 0.1714 gram. ^4 /is, 


dissolved in HCl, and the soliiti 
treated with acid. The I’esidue i 
V eight of sample should be taken 
residue will represent 1 per cent 
represent directly the percentage t 
represent 1 per cent SiOo, (d) twic 
percentage of SiOo? 

A?is, (a) 1.000 gram, (6) 1.000 

277. What weight of cast 
weight of ignited Si 02 i“ * 
centage of Si in the cast ii*on? 

A/i-s. 0.156 gram. 

278. Calculate the weight of limestone to be taken 
centigrams of CaO obtained and the percentage of Cs 
in the respective ratio of 7:5. 

A ns. 1.001 grams. ’ ; 

PI «A ■ ^ ^ of lead salt, the 

?1- . of sample should be taken for , 

weight oi lead sulfate m grams obtained wHl represen 
pel centage of lead in the sample expressed as Pb (b) 
eentage of lead expressed as PbO=, (c) one-thutik t 
expressed as PbCrOi? 

■4 as. (a) 2.277 giums, (b) 2.629 grams, (e) 3.553 gi-a 

280. A .sample of ammonium salt is analyzed by pn 

anJ W«i.6 JpredpaS: 
CalciiUte the weight of sample to be taken for analv.si.s 


gi-am, (c) 2.000 grams, (d) 0.5000 

iron .should be taken for analysis so 
111 centigrams wiU be equal to one-third of 
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of ignited precipitate in grams multiplied by the atomic weight of platinum 
will give the percentage of N in the sample, (6) so that the weight of ignited 
precipitate in milligrams multiplied by Haa will equal four-thirds of the per- 
centage of NHs in the sample. 

A 71 S. (a) 0.07357 gram, (b) 0.7753 gram. 


281. What w^eight of impure ferrous sulfate should be taken for analysis 
so that each milligram of Fcs&Og obtained will correspond to 0.120 per cent FeO 
in the sample? 

282. W'hat weight of dolomite should be taken for analysis so that, in the 
determination of magnesium, the number of centigrams of Mg2P*207 obtained 
will be twice the percentage of IMg in the mineral? 

283. In the analysis of potassium in a silicate, the mineral is decomposed 
and the potassium subsequently weiglied as KClCh. What weight of sample 
was taken if it was found that the percentage of K2O in the mineral could 
be found by dividing the number of milligrams of KCIO4 obtained by 12? 

284. W^hat weiglit of magnetite (impure Fe304) should be taken for 
analysis so that after decomposition of the sample, precipitation of the iron 
as Fe(OH)3, and ignition to Fe20a (a) the number of centigrams of Fe^Oa 
obtained will be equal to the percentage of Fe304 in the sample, (5) the number 
of milligrams of Fe-iOa obtained will be five times the percentage of Fes04, 
(c) the percentage of Fe in the sample and the number of centigrams of 
Fe208 obtained will be in the ratio of 3:2? 

56. Calculation of the Volume of a Reagent Required for a 
Given Reaction. — The volume of a solution required to carry out 
a given reaction can be calculated if the concentration of the solu- 
tion is kn own. If the concentration is expressed in terms of nor- 
mality, the calculation is best made by the methods of volumetric 
analysis, i.e.j in terms of inilliequivalents (see Sec. 24); if the con- 
centration is expressed as grams of solute per unit volume of solu- 
tion or in terms of specific gravity and percentage composition, 
the calculation is usually easiest made by the use of the chemical 
factor. 

Example I. — How many milliliters of barium chloride solution 
coiitaimiig 90.0 grams of BaCl 2 . 2 E [20 per liter are required 
to precipitate the sulfate as BaS 04 from 10,0 grams of pure 
' Na2SO4.10H2O? ' 

■ ' Solution: The weight of BaCl2.2H20' for the precipitation is 
found by means of the chemical factor, thus: 


iO.OX 


,Baa2.2H20 

Na2SO4.10H2O 


10.0 X ^ = 7.58 grams of BaGl2.2H20 
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Since each milliliter of reagent contains 0.0900 gram, of BaCl2.2H20, 
the volume of solution required is 


When the concentration of the required reagent is expressed 
in terms of the percentage by weight of ^ the solute, the specific 
gravity of the solution must also be known in order to determine 
the volume required. As stated in Sec. 21, there is no exact 
mathematical relationship between these two factors, but tables 
are given in all standard chemical handbooks showing this rela- 
tionship for solutions of common substances experimentally deter- 
mined at many different concentrations. Consequently, when a 
problem includes only one of these factors, tables must be con- 
sulted in order to determine the other. In the Appendix, specific- 
gravity-percentage tables are given for a few common acids and 
bases. These tables apply to weigliings in vacuo at definite tem- 
peratures, but since three-significant figure accuracy is all that is 
needed in most calculations involving specific gravity of solutions, 
it is usually not necessary to make corrections for temperature 
and buoyancy differences. 

Example II. — ^How many milliliters of ammonia water of specific 
gravity 0.950 (containing 12.72 per cent of NHs by weight) are 
required to precipitate the iron from 0.800 gram of pure ferrous 
ammonium sulfate, FeS04.(NH4)2S04.6H20, after oxidation of the 
iron to the ferric state? 

SoLUTioisr : Since 3 molecules of ammonia are required to pre- 
cipitate one atom of ferric iron 

Fe+++- + SNHs + 3H2O Fe(OH)s + 3NH4+ " 

it follows that the weight of NH3 necessary to precipitate the 
iron from 0,800 gram of ferrous ammonium sulfate will be 


FeS04.(NH4)2S04.6H20 392.1 

0.1043 gram of NH3 

Since the ammonia water has a specific gravity of 0.950 and con- 
tains 12,74 per cent of NH3 by weight, one milliliter of the solu- 
tion weighs 0.950 gram of which 12.74 per cent by w'eight is NHs 
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and 87.26 per cent by weight is water. The actual weight of NHg 
ill one milliliter of solution is therefore 0.950X 0.1274 = 0.121 
gram. Since 0.1043 gram of NHs is required to precipitate the 
iron and since each milliliter of the solution contains 0.121 gram 
of NHsj it follows that the volume of solution required is 

= 0.862 ml. 

As explained in Sec. 51 in calculations of this type, the com- 
putations should not be carried through unnecessary steps. In 
the example above, it is not necessary to compute the weight of 
iron contained in the ferrous ammonium sulfate, the weight of 
ammonium hydroxide required to precipitate the iron, and the 
weight of anhydrous ammonia contained in the ammonium hy- 
droxide. On expressing the whole, the common factors cancel. 


0.800 X 


-(Fe)- 

FeS04.(NH4)2S04.6H20 




3NH3 

(SNIhOIi) 


0.1043 gram of NHa 


0.1043 

0.121 


= 0.862 ml. 


In general, with problems of this type, time will be saved if the 
final multiplications and divisions are not made until all the factors 
are combined and expressed as a whole. In the above example 
the only essential factors are 


0.800 X 51.10 _ n «co I 1 

392.1 X 0.950 X 0.1274 

A very similar type of problem is one in which it is required to 
calculate the volume of a solution of given percentage composi- 
tion required to react with a certain volume of another solution 
of given percentage composition. By computing the weight of 
reacting component in the given volume of the latter solution, 
the problem becomes exactly like the one discussed above. 

Example III. — How many milliliters of sulfuric acid (sp. gr. 
1.135, containing 18.96 per cent H2SO4 by w^ght) are required 
to neutralize 75.0 ml. of ammonium hydroxide (sp. gr. 0.960, con- 
taining 9.91 per cent NHs by weight)? 


f 
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Solution: In 75.0 ml. of the ammonia solution there a 

1 5.0 X 0.960 X 0.0991 grams of NH 3 
The required weight of HCI for this NH 3 is 

75.0 X 0.960 X 0.0991 X = 

2NH3 

75.0 X 0.960 X 0.0991 X — 

34.06 

&nce each milhliter of the acid contains 1.140 X 0.2766 ei 
HU, the I'olume of acid required is 

75.0 X 0.9 60 X 0.0991 X 98.08 

1.135 X O.T^ X 34.06 = 95.6 ml. 


Problems 

w oxalate solution [35.1 

required to precipitate the 
CaC A from 0.124 gram of SCaaCPOO^.CaCl,? What volume of 
mxture ’ oontaimng 1 P.W. of MgCl, per liter will be necessSy to 
thejhosphate as MgNAPO^ from the filtrate from the calcium 

4.82 ml. 0.71 ml. 

of Sir(f milliliters of silver nitrate .solution containing 2 

- gNOs per 1(W ml. are required to precipitate all the chloride as 
fiter^"!f°H dissolved BaCl2.2HsO? How i 

fr.,n tt. «■« '»"»■ 

Ans. 14.00 ml. 4.86 ml. 

287. In the precipitation of arsenic as MkNH.AsO fvr.^^ „ 
0^000 gram of pure AsA that has been oStlSiJradd h 
t add sufficient magnesium chloride reagent (64 00 grams Mirri’ n 
precipitate the arsenic and also have 200 mrof hfg"„S ? 
What volume is required? b mg remaining n 

-dns. 18.26 ml. 

ehlorfdes^il°f.i® ^^udent analy.sis by 

..odium, potassium, and ammonium, alone or mixed - 

proportions. How many milliliters of 5.00 per cent silver nitrate 
gmuty 1.041 must be added to a 0.300-gram sample in order to en 
plete precipitation in every possible case? 

Afts. 18.3 ml. 
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289 . How many milliliters of aqueous ammonia (sp. gr. 0.900) are re- 

quired to precipitate the ii-on as Fe(OH)3 from a half-gram sample of pure 
Fe3(S04)3.9Hi,0? ^ ^ 

Afis, 0.36 ml. 

290. Calculate^ the volume of hydrodiloric acid (sp. gr. 1.050, eontaining 
10.17 per cent HCl by weight) to neutralize (a) 48.6 ml. of a solution of 
KOH (sp. gr, 1.100, containing 12.0 per cent KOH by weight), (b) 152.1 ml. 
of a solution of NaOH (sp. gr. 1.327), (e) a solution cWuning' 10.0 gra.nis of 
pure KOH, (d) a solution containing 10.0 grams of impure KOH (96.6 per 
cent KOH, 2.2 per cent K2CO3, 1.2 per cent H2O), (e) 25.3 ml. of ammonia 
water containing 15.04 per cent by weight of NH3. 

in,'?, (a) 39.0 ml, (b) 508 ml, (c) 60.9 mi., (d) 59.8 ml, (e) 72.0 iiiL 

291. The following are added to water: 1.60 grams of pure Na-iCOs, 2.21 mi. 
of H2SO4 solution (sp. gr. 1.700), and 16.0 ml. of KOH solution (56.0 grams of 
solid per liter). This solution is to be brought to the exact neutral point. 
The solutions available for this purpose are hydrochloric acid (sp. gr. 1.141) 
and ammonia water (sp. gr. 0.930). Which should be used? What volume is 
required? 

Ans. 1.26 mi, of ammonia water. 

292. In the reaction 2NaCl + H0SO4 NaaSO^i + 2HC1, it is desired to 
add sufficient sulfuric acid (sp. gr. 1.835) to liberate that amount of HCl 
which when absorbed in water wall furnish 250 ml. of solution of specific 
gravity 1.040. Calculate the volume necessary. 

Ans. 16.7 ml. 

293. X solution of ferrous ammonium sulfate is prepared bv dissolving 

2^00 grams of pure FeS04.(NH4)2S()4.6K,0 in 500 ml of water eontaining 
15,0 ml. ,H2S04 (sp. gr. 1.135, coDtaining 18.96 per cent Ht.S04 In^ weight,l 
Ihe iron is tiieii oxidized by bromine water (2Fe++ + Br2 -f 261””)*. 

What total volume of NH40Ii (sp. gr. 0.950, containing 12.74 per cent NH3 by 
weight) is required to neutralize the acid and just precipitate all of the iron as 
Fe(OH)3? , 

Afis. 11.6 ml. 


294. How many milliliters of barium chloride solution containing 2 1.05 grams 
of BaCl2.2H20 per liter are required to precipitate all the sulfate as BaS04 from 
a solution containing 1.500 grams of dissolved Fe2(S04)s.9H20? How many 
milliliters of NaOH solution (sp. gr. 1.200) are required to precipitate all the 
iron as Fe(OH)3 from the same solution? 

295, A sample of MgCO^ contaminated with Si02 weighs 0.5000 gram and 
loses 0.1002 gram on ignition to MgO. Wha4 volume of disodium phosphate 
solution (90.0 grams Na2HP04.12H20 per liter) will be required to precipitate 
the magnesium as MgNH4p04? 

^ 296. How many imliiliters of a solution of potassium dichromate coiitain- 
mg 26.30 grams of K2Cr2G7 per liter must be taken in order to yield 0.6033 
gram of CrsOa after reduction, precipitation, and ignition of the chromium? 
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297. The arsenic in a half-gram sample of As2S' 
acid, and is precipitated with a solution of 
NH4CI). If exactly 12.6 ml. of the 
MgCla per Uter does the solution c 
MgNH^As04 + 2NH4CI -t- 3H2O.) 

298. How many grams of silver chloride ndll be formed 
of an excess of silver nitrate to 10.00 ml 
containing 31.52 

299. Sulfuric acid of specific 
barium as barium sulfate from 1.242 
the volume of acid necea? 

300. How many milliliters of 
40.00 ml. of H2SO4 solution (sp. gr. 1.240)? 

, 301. Aoeording to the following equation wh 

i.Ciol)) IS required to oxidize the iron in 1.000 
pre^mce of sulfuric acid? [6FeS04 -f 2 md 
2 NO + 4H2O.] 

302. How many miUilitere of ammonia fsp sr 0 dfiO 

WOro tn""' to precipitate 

and^lOOml '^""taimng 500 grams of alum [J 

1 , “ “ containing 23.82 per cent 

andnaoMSnSSS ^ 

as Al(OH), ^Kn?the precipitat. 

• j ^ , 7; “o the specific gravity of the ammonia tbp 1 

acid, and the ratio of the base to the acid. ^ 

304. To a suspension of 0.310. gram of .Al(OH), in water ar. 

of aqueous ammonia (so er 0 Qoav ^ « water ar« 

Indirect Aiialyses.~Problenis relating to Indi 
differ from those of direct analyses in much the sa 
algebraic equations involving two or more unknown q 
fer from those involving only one unknotra quanti 
such mdirec^ problems are often solved by algebraic' 

cheniivT’' hi problem is that in wh 

cheimcal substances are isolated and weighed toge 

- d:s bt .sr/s r* “““ ^ 

4-1 wmcii one or the components is dpf or 

other component is tho.. u.. j-«. ueter. 


is oxidized to 
'magnesia mixture '' (W. 
mixture are required, how many g 
contain? (II3ASO4 4- MgCh -f* 3N,H 


4 hydrochloric acid (so st 1 iao 

per cent HCi by weight)? ^ 

gravity 1.800 is to be used to precipitate the 
! ^ams of pure BaCl2.2H20. Calculate 

sary for precipitation. «»‘<-uiare 

ammonia (sp. gr. 0.940) will neutralize 
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In any case, results of analyses of this type are usually less 
precise than results of analyses in which a single component is 
determined by a direct method. In solving simultaneous alge- 
braic equations, for example, there is often a decrease in the 
number- of significant figures that may properly be retained. For 
example, in solving the following simultaneous equations: 

0.2395a: + 0 . 26892 / = 1-937 


0.2067.r 

0.0328.1: 


-f 0.2689// = 1.222 
= 0.715 

.f = 2.18 


there is a decrease from four-significant- to three-significant-figure 
precisiorr. 

Example I.— In the analysis of a two-gram sample of lime- 
stone, the weight of combined oxides of irorr atrd aluminum 
(FesOs AhOs) is fourrd to be 0.0812 gram. By volumetric 
methods, the percentage of total iron calculated as FeO is forrnd 
to be 1.50 per cent. Wlrat is the percentage of AI 2 O 3 in the 
sample? 

Solution: 


Weight of FeO = 2.00 X ■ 


^ 0.0300 gram 


Weight of FeaOs = 0.0300 X = 0.0333 gram 
Weight of .AI 2 O 3 = 0.0812 - 0.0333 = 0.0479 gram 


Percentage of AbOa 


0.0479 

“ 2 ^^^ X 100 = 2.40 per cent. Am. 


A second general type of indirect analysis is that in which two 
chemical substances are isolated and weighed together. Then an- 
other measure of the twm substances is obtained either by con- 
vertmg them to two different compounds and again finding the 
combmed werghts or by determining the amount of reagent 
required to effect such conversion. In this way, by the use of 
algebraic symbols to represent the unknowm quantities, tw’O inde- 
pendent equations can be formulated, and from them the values of 
the unknowns can be determined. It is evident that this type of 
problem may be extended to any number of unknown quantities, 



= 1.923.T 

Number of grams of AgCI obtamable from g grams of NaCl 

- 

^VNaClj 

Therefore, = 

(2) 1 -9233: + 2.452jf = 0.2451 
Solving (1) and (2) .simultaneously, 

x = 0.0837 gram of KCl 
V = 0.0343 gram of NaCl 

^K20 \ 0.0837 X 100 ) 

v2Kci;“~a^o — = 10.6 

' Na2O \0.0343 X 100 }Ans. 

.SNaCiy—OJOO ^-04 J 

■mrci J. Lawrence Smith method for determining sodium 
Bv f“b i'u “u anX™ 

.soJated and weighed as combined chlorides These 
tiontfx pfAT” from water- 

Ll L 1 u ^ as 2KC1 + Pt or 

g) aa. metallic platinum (see also Part VI ) ’ 


Percentage of KjO 
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Example III. In the analysis of a sample of feldspar weighing 
0.4150 gram, a mixture ol KCl + NaCl is obtained weighing 0.0715 
gram. From these chlorides 0.1548 gram of KsPtCle is obtained. 
Calculate the percentage of Na20 in the feldspar. 

Solution: 

Let X — weight of NaCl in combined chlorides 

Then 


O.OTfS — X- weight of KCl 
(0.0715 - .T) X = 0.1548 

Solving, 

X - 0.0415 gram 


0.0415 X (Na20/2NaCl) 
0.4150 


X 100 = 5.30 per cent Na20. 


Ans, 


Problems 

305. A mixture of 0.2600 gi'am of ferric oxide and 0.4500 gram alumi- 
num oxide is ignited in hydrogen, the ferric oxide alone being reduced to 
metallic iron. What is the final weight? 

Am, 0.6318 gram. 

306. ^ A silicate weighing 0.6000 gram yields a mixture of pure NaCl and 
pure KCl weighing 0.1800 gram. In this residue the KCl is converted to 
KaPtClo weighing 0.2700 gram. Find the percentage of K 2 O and the percentage 
of Na 20 in the silicate. 

Ans. 8,72 per cent K 2 O, 8.60 per cent Na 20 . 

307 . In the analysis of a sample of feldspar weighing 0.7500 gram there is 
obtained 0.2200 gram of NaCl 4“ KCL These chlorides are dissolved in 
water-alcohol mixture and treated with cliloroplatinic acid. The precipitate 
of K 2 PtClG is filtered on a Gooch crucible, dried, and ignited in hydrogen. 
After washing with hot water, the residual platinum then weighs 0.0950 gram. 
Compute the percentages of Na 20 and K 2 O in the feldspar. W^hat weight of 
precipitate would have been obtained if perchloric acid had been used as the 
precipitating agent and the precipitate had been dried and weighed without 
ignition?., ^ 

Awa. 10.42 per cent Na^O, 6.11 per cent K 2 O. 0.1349 gram. 

308. A mixtiire of silver chloride and silver bromide is found to contain 
66.35 per cent of silver. WTiat is the percentage of bromine? 

Ans.' ,. 21.3 .per cent. 

^ 309. A sample of v carbonate rock weighing 1.250 grams yields a precipitate 
of the hydrated oxides of iron and aluminum. These are filtered off and ignited. 
The combined oxides FeoOs -f AI 2 O 3 are found to weigh 0.1175 gram. Iron is 
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determined by a volumetric method on a sc 
results show 3.22 per cent Fe. Calculate t 
*4ms. 2.54 per cent. 

310. An alloy weighing 0.2500 gram when 
of the hydrated o.xides of tin and anthnonj 
glam of the combined oxides SiiO‘> -j- Sbo( 
solution and is found by a volumetric metl: 
C alculate the percentage of 
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weighing 0.6411 gram yields 
le percentages of Ba and of 


a - .U per cent ua, 67.4 per cent Ba. 

313. A sample of silicate weighing 0.6000 gram vieW 

S“wvo^“the 

rli V r precipitate of AgCl is found to 

Calculate the percentages of Ka»0 and K 2 O. 

A m. 7.32 per cent Na^O, 10.27 per cent K^O. 

314. From a sample of feldspar a mixW of Trn 

!f r P?rf^ contains 65.00 per cent chlo' 

X 2 I tClo could be obtained from the KPl? 


45-gram sample containing only Ca< 
weight of the ignited product (CaO 


is strongly 
H84 gram. 
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Calculate the percentages of Cs and of Mg in the original sample and in the 

ignited sample. 

319. A niixture of BaO and CaO weighing 1.792 grams, when treated with 
sulfuric acid and transformed to mixed sulfates, weighs twice the original 
amount. W hat is the percentage of BaO in the mixture? 

320. and aluniinuni are precipitated from a sample of a mineral weigh- 
ing 0.9505 giam and the combined oxides AI2O3 -{- FeoOs are foiuid to weigh 
0.1083 gram. a volunietTic method this oxide residue is found to contain 
10.50 per cent Fe, Vv hat is the percentage of A1 in the original mineral? 

321. An alloy weigliing 0.5180 gram yields a residue of the hydrated oxides 
of till and antimony which on ignition produces 0.1661 gram of the combined 
oxides S11O2 ““ SboO.!. ^ By a titration method a separate sample of the alloy 
slioW'S tiie presence of 10,12 per cent Sb. Calculate the percentage of Sn in 
tlie alloy. 

322. A silicate rock weigliing 0.7410 gram is analyzed by the J. L. Smith 
method, and^ a mixtuio of the chlorides of sodium and potassium weighing 
0.2B 2 gram is obtained. These chlorides are dissolved in a mixture of alcohol 
and water and treated with HCiO.i. The dried precipitate of KCIO4 weighs 
0.3330 gram. What is the percentage of Na.O in the silicate? If the potassimn 
had been precipitated as TvoPtCb and the precipitate conx^erted to metallic 
platinum, what weiglit of platinum would have been obtained? 

323. How many grams oi BaCOs must be added to 2.40 grams of MgCOa 
so that the mixture will contain the same percentage of CO2 as CaCOg does? 

324. A mixture of NaBr, Nal, and NaNOs weighs 0.6500 gram. With 
silvei iiitrate, a precipitate of the halides of silver is obtained and is found 
to weigli 0.9390 gram. When heated in a current of chlorine gas the pre- 
cipitate is converted entirely into AgCi weighing 0.6566 gram. What is the 
percentage composition of the original sample? 

325. A precipitate of AgCi -f AgBr weighs 0.S132 gram. On heating in 

a current of chlorine, the AgBr is converted into AgCl, the mixture losing 
0.1450 gram in freight. '\Ahat wms the percentage of chlorine in the original 
precipitate? . 

VT? one-gram sample consisting of a mixture of LiCl, KCi, NaCI, and 
A 1146 1 is^ dissolved in water and the solution is divided into twm equal parts. 
One portion gives with chloroplatinic acid in the presence of alcohol a pre- 
ppltate (K*^ H- NHf*") that weighs 0.8062 gram and that loses 43.00 per cent of 
its weight on ignition. The other portion gives a precipitate with AgNOa 
weighing 1.3060 grams. '\^'hat is the percentage of each constituent in the 
mixture? 1 , 

: , 32T. A mxture^of 1SFH4C1 and KGl weighs 0.5000 gram. With chloro- 
piatinic acid a precipitate is obtained that, w^hen ignited, weighs 1.0400 grams. 

: What is the percentage of NH3 in the mixture? Tf the ignited precipitate were 
washed with water and reignited, what would be the weight obtained? 

' 328. A , mixture of.AgCl and AgBr contains .chlorine and bromine in the, 
proportion by weight of Cl : Br = 1 : 2. What is the percentage of silver in 
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the mxture? If one gram of the sample were heated in a current o 
thereby converting the AgBr into AgCl, what would be the wei, 

resulting mixture? * 

, ^ mixture of NaCl, NaBr, and Nal 

1.5000 graims is dissolved in water, and the solution is divided into 
portions One . portion gives a precipitate of Pdl,, weighing 0.11 
“■ precipitate of AgCl + AgBr + 4gl 
1.2312 grams; and when these salts are heated in a current of cWr 

of 'w. weighing 1 .0500 gramS. What are the pe 

01 NaCl, N aBr, and N al in the original sample? 

330. A mixtiu-e of silver bromide and silver iodide weiglis a; gran 
the mi,xture has been heated in a current of chlorine, the reLlJ 
chlonde IS found to weigh y grams. Derive an expre.ssion for the pe 
01 D! online and of iodine in the original mixture. 

^ fixture of silver chloride and silver iodide on being hei 
niient of chlorine is converted entirely into silver chloride and is 



CHAPTER IX 

ELECTROLYTIC METHODS 

% 

58. Decomposition Potential. — The decomposition potential of 
an electrolyte is the lowest e.m.f. that must be applied in order 
to bring about continuous decomposition of cation and anion at 
the electrodes. 

If a nitric or sulfuric acid solution of copper is electrolyzed be- 
tween platinum electrodes, the copper plates out on the cathode. 

Cu++ + 2€ Cu 

Water is decomposed at the anode. 

H20-^3^'02 + 2H+ + 2e 

As a result there is produced a voltaic cell of the type 
Cu j Cu++ |j 2H+, J/ 2 O 2 ] Pt 

This cell exerts a “back e.m.f.” which opposes the applied voltage 
and which can be calculated from the formula 

E = El - + 5:— log [Cu++]) - 

(Eh,o” + log [H+]* [press. 

In order to continue the electrolysis, a voltage at least equal to 
this must he applied. In addition, enough voltage to overcome 
the simple ohmic resistance of the solution (E = IR) is necessary, 
and, in cases where polarization effects occur, the required e.m.f. 
must be still further increased. 

Decomposition potential = back e.m.f. -ME + overvoltage 

The extent of overvoltage depends on several factors, such as 
current density (amperes per square centimeter of electrode sur- 
face), concentration, temperature, nature of the substances liber- 
ated, and the character of the electrodes. 
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Dining an electrolysis, those ions in solution H'iil first be dis- 
charged which have the lowest decomposition potentials. So lonu- 
as these ions are present around the electrode in considerable con- 
centratmn, they, almost alone, are discharged; but, as their con- 
centration diminishes, other ions whose deposition potentials are 
higher but still within that of the current applied will also beo'in 
to be discharged. ' 

59. Analysis by Electrolysis.~Quantitative analysis bv means 
oi electroehemical methods is usuaUy restricted to the determina- 
tion of metals. An electric current is passed, under suitable con- 
ditions, through a solution of the salt of a metal, and the metal 
Itself IS gradually deposited, usually in the elementary condition 
upon one of the electrodes. The calculation of the amount of 
metel which will be deposited at the end of a given time is founded 
on l*aniday-s laws \\’Iiich may be stated as follows: ■ 

1. 1 he mass oj any siihstance deposited at an electrode is propor- 
honalto the qiimitity of electricity which passes through the solution. 

*.. i he amounts of different substances liberated at the electrodes 
% the passage of the same quantity of electricity are proportional to 
the eq-mvalent weights of the substances. 

Current strength is expressed in terms of the ampere, which 
IB defined as that strength of current which, when passed through 
a solution of silver nitrate under certain standard conditions will 
deposit silver at the rate of 0.001 1 18 gram per second. 

Quantities of electricity are expre.ssed in terms of the cmdomb, 
which IS defined as that quantity of electricity which passes through 
a conductor m 1 second when the current is 1 ampere. That is, 

Q = It 

where Q = quantity of electricity, coulombs 

/ = current strength, amperes 

i == time, seconds 

Prom Faraday-s first law, it follows that the weight of a sub- 
stance hi, crated from solution by electrolysis during a given time 
w 111 be directly proportional to the current strength and under a 
given amperage will pe directly proportional to the time. 

qua ays second law states that the weights of different sub- 
electrodes by a given quantity of elec- 
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equivalent weight of a substance in this case is the atomic or 
molecular weight divided by the total change in oxidation number. 
It is found by experiment that 96,500 coulombs are required to 
liberate a gram-eciuivalent v’eight (equivalent weight in grams) of 
any substance. Thus, 96,500 coulombs of electricity are capable 
of depositing at the cathode: 

, = 107.88 grams of silver from a solution of a silver salt 

Fe 

— == 27.92 grams of iron from a solution of a ferrous salt 

■ Fe 

— = 18.61 grams of iron from a solution of a ferric salt 

The value 96,500 coulombs is therefore a unit of quantity in 
electrocliemical measurements, and in that capacity it is called 
a farcday. One faraday == 96,500 coulombs = 96,500 ampere- 
seconds = 26.81 ampere-hours. 

The above reactions may be expressed by equations, as follows: 

(a) Ag+ -f €->Ag 

(b) + 26 — > Fe 

(c) Fe+++ + 3€-^Fe 

where the symbol e represents the electron, or \init of negative 
electricity. If the equations are considered as representing grain- 
atomic or grain-molecular ratios, then the symbol represents the 
faraday. That is, 1, 2, and 3 faradays are required to deposit a 
gram-atomic weight of metal from a solution of silver salt, ferrous 
salt, and ferric salt, respectively. 

Example I. — How' many grams of copper vdil be deposited in 
3.00 hours by a current of 4.00 amperes, on the assumption that 
no other reactions take place at the cathode? 

Solution:, ■ 

t = 3.00 X 3,600 = 10,800 seconds 
Number of coulombs == It = 4.00 X 10,800 = 43,200 

1 faraday would deposit — ^ = 31,8 grams of copper 

aa qno 

43,200 coulombs would deposit X 31.8 = 

14.2 grams Cu. Am. 









J^araday s laws apply to each electrode. A current of 1 ampere 
flowing for 96,500 seconds through a copper sulfate solution is 
not only capable of depositing Cu /2 = 31.79 grams of copper at 
the cathode, but at the same time will liberate 0/2 = 8.000 grams 
of oxygen at the anode. 

Cu++ + 2e-^Cu (cathode) 

HoO 2H+ + J 4 O 2 + 2e (finode) 

The passage of 2 faradays therefore (’ ^ 
weight of copper (63.57 grams) and liberates 
of oxygen gas, occupjdng V 
As seen from the equation, the 
b}^ one gram equivalent ( 
per faraday passed, 
terms of acid 


deposits one gram-atomic 

j 3 ^ mole, or 16 grams, 

If *2 liters under standard conditions. 

! acidity of the solution increases 
^ 1 mole HNO 3 o mole H2SO4, etc.) 
This gain in acidity may be expressed in 
normahty (see Sees. 24 and 68 ). It is possible to 
prepare a solution suitable as a standard in acidimetry by elec- 
trotyzing a neutral solution of copper sulfate and determining the 
acid concentration of the resulting solution from the weio-ht of 
copper deposited. “ 

Ihe electrolysis of a dilute sulfuric a,cid solution causes the fol- 
lowing reactions to take place: 

2 H-*- -f 26 — » H 2 (cathode) 

H 2 O — > 2H+ -h J 4 O 2 ■+■ 26 (anode) 

Ihe passage of 1 faraday liberates 34 mole of hydrogen (1.008 
grams; 11.2 liters under standard conditions) and ^ mole of 
oxygen (8.000 grams; 5.6 hters under standard conditions). The 
total amount of gas evolved per faraday is therefore M mole 
(16.8 liters). In this electrolysis, there is no net change in acidity if 
the volume of the solution is kept constant, for the loss in acidity 
at the cathode is balanced by the gain in acidity at the anode 
Ihe electrolysis of a dilute nitric acid solution of lead causes 
the deposition of lead dioxide on the anode: 

Pb++ 2 H 2 O — > Pb 02 + 4H+ -j- 2e (anode) 

2H+ -h2e -.Ha (cathode) 

()ne faraday therefore deposits Pb 02/'2 = 119.6 grams of PbOa 
hberates 34 mole of hydrogen, and increases the acidity by 1 oram- 
equiyalent weight (1.008 giums) of hydrogen ion. 
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Eximple II. — A neutral solution containing 0.4000 gram of 
copper is electrolyzed until all the copper is plated out, and the 
electrolysis is continued 7 minutes longer. The volume, of the 
solution is kept at 100 ml., and the current strength is maintained 
at an average of 1.20 amperes. On the basis of 100 per cent cur- 
rent efficiency (a) how long did it take for the copper to deposit, 
(h) what total volume ^f gas was evolved during the entire elec- 
trolysis, (c) what was the acidity of the solution at the end of the 
electrolysis? 

Solution: 

Ou 

1 faraday deposits -^ = 31.8 grams Cu 


Number of faradays to deposit 0.4000 gram Cu = = 0.0126 


31.8 


. , 0.0126X96,500 . , 

iime reip-iired. — ^ *”* lj9I^ seconds — 


16.9 minutes. 


During deposition of Cu, each faraday (i.e,, each ^2 niole Cu) 
corresponds to mole O 2 . 

Moles O 2 evolved = 0.0126 X = 0.00315 

After Cu deposited, number faradays passed = 


7 X 60 X 1.2 
96,500 


0.00522 


Each faraday evolves mole H 2 and mole O 2 


Moles H 2 + O 2 evolved == 0,00522 X % = 0.00392 
Total gas evolved = 0.00315 + 0.00392 = 0.00707 mole. Aris. 

During Cu deposition each faraday corresponds to a gain of 
1 gram atom of H+. 

After Cu deposition, acidity does not change 

Gain in acidity = 0.0126 gram-equivalent of H+. Ans, 

(Eesulting solution is 10 X 0.01258 = 0.1258 normal as an acid.) 

In the above calculations involving Faraday’s second law, it 
has been assumed that all the current serves for the decomposi- 
tion of the siibstance in question; i.e., 100 per cent current effi- 
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ciency has been assumed. In actual analyses, this is not usually 
the case. The electrolysis of an acid solution of a copper salt yS 
not only cause the deposition of copper at the cathode but small 
amounts oi hydrogen yiU usuaUy be given off at the same 
trode before tlie copper has all plated out. In such cases, the sum 
the weights of the products discharged at each electrode exactly 
corresponds to the law. That is, in the copper electrolyJs In 
each faraday of electricity passed, the nuiiber of gram-equivalent 
weights of copper deposited added to the number of 
ent weights of hydrogen hberated wiU be unity. In problemrof 

eleckoanalyses unless otherwise specified, 100 per cLt current 
efficiency may be assumed. cuirent 

Other electrical units wWch are frequently used in electro- 
chemical computations are as follows: 

I he ohm, R, is the unit of resistance. It is the resist mno . a 

to a constant current of electricity at 0°C. by a column of mercury 

1 sq. mm. m cross section and 106..3 cm. long. meicuiy 

The wZi!, E, is the unit of electromotive force or electrical nres 
Ite rdafoa to the aotpere and ohtn it exp.etsed bj oE 


The joule, J , is the unit of work. It is j 
expended in 1 second by a current of 1 ar 
of 1 ohm. 

J = Elt = EQ == 10'’ 
The watt, ^ , is the unit of power. It i« 
done at the rate of 1 joule per second. 


Problems 

100-\vatt 110-voIt incandescent lamp 
iic cell. What weight of cadmium coi 
irrent m 30 minutes? 

0.953 gram. 

low many minutes will it take for a cm 
sition of 500 mg. of silver from nitric 
fit current efficiency? 

38.6 minutes* 
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334. How many coulombs of electricity are required to deposit 0.1000 
gram of cobalt from a solution of cobaitous salt? How many amperes wmuld 
be reciuired to deposit that amount in 20 minutes 20 seconds? How many 
grams of nickel would be deposited under identical conditions? 

Ans. 327.3 coulombs. 0.2682 ampere. 0.09951 gram. 

" 335. With a current at S.OO volts, how much electrical energy is theoretically 
required to deposit (a) 0.100 gram of gold, (h) 0.100 gram of mercury from 
solutions containing these rtetals in the higher state of oxidation? 

Ans, (a) 1,180 joules, (5) 770 joules. 

336. What weights of Cu, of Zn, and of Pb02 will be deposited in separate 
electrolytic cells, on the assumption of 100 per cent current yield by a current 
of 0.0800 ampere flowing for 30 hours? 

Hna. 2.85 grams Cu, 2.93 grams Zn, 10.7 grams Pb02. 

337. Using a rotating electrode, Sand obtained 0.240 gram of copper from 
a nitric acid solution of copper sulfate in 6 minutes. A current of 10.0 amperes 
under 2.80 volts was used. What electrical energy was expended and what 
was the current efficiency? 

/iw6*. 10,080 joules, 20.2 per cent. 

‘ " 338. Using a rotating electrode, Langness found that with a current of 
17.0 amperes and a potential of 10.0 volts, 0.200 gram of platinum could be 
deposited in 5 minutes from a solution of potassium chloroplatinate. How 
much electrical energ.y was expended per second? What quantity of electricity 
was used? What was the current efficiency? 

Ans, 170 joules. 5,100 coulombs. 7.75 per cent. 

^ ' 339. What quantity of electricity is requmed for (a) the electrolytic deposi- 
tion of 1.196 grams of Pb02, (b) the liberation of 0.800 gram of oxygen gas, 
(c) the liberation of 30.0 ml. of chlorine when measured under standard condi- 
tions (one molecular weight in grams occupies 22.4 liters)? 

Ajis, (a) 965 coulombs, (h) 9,650 coulombs, (c) 259 coulombs. 

■'"'340. For how long a time must a current of 1.00 ampere be passed through 
a dilute solution of sulfuric acid in order to liberate a total volume of 600 
ml. of gas when measiu’ed dry and under standard conditions? 

A. /IS. 57.4 niinutcs. 

341. With a current of 1.00 ampere, what weight of silver would be depo.sited 
in 1 minute in a silver coulometer? What volume of gas (under standard 
conditions) would be evolved in GO seconds in a water coulometer? 

Ans. 0.06708 gram. 10.44 ml. 



342. Pure crystals of copper sulfate are dissolved in water, and the solution 
is electrolyzed until the solution is colorless. The cathode gains 0.4280 gram. 
What is the acidity of the solution in terms of moles of H2SO4? 

Am, 0.006731 mole. 
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343. What would be the net gain or loss in gram-equivalents of TT+ 
faiaday m the electrolysis of a solution of HNOs in whiL SO per cent of fh"" 
current goes o the simple decomposition of water and 20 per ceL S to toe 

HberronT oSJnt nodef “d’ 

Ans. 0.040 gram-equivalent lost, 

ometottior b^he^cid LmTiity 

(a) 94.4 ml. (?>) 0.034 JST. 

=«S;t,T2!rnr«id'o“S’rr7 ” ■ <i«. .ca 

0.1000 gram of lead ^ f ^“'=. 

in acidity in term^of 

the anode, (b) at the end of the cir He ^ ‘imposition at 

rent has been contLneH l f at the cathode, (c) after the cur- 

conditions) has been evolved dZng tSre proceS““® 

Ans. («) 0.0009652 mole, (6) 0.008347 mole, (c) 0.008347 mole. 108.8 ml. 

would it tike tL SI cumelt to del t T efficiency? How long 

rr ‘iep'5«it the same weight of nickel? 

tion a;d a"9“ SpimrSTd 

copper which can be denosited iTone hour («)_the w'eight of 

sulfuric acid during that time. > O the gam m acidity m moles of 

20 ndnutes from a 

deposited, (6) percentage of gJ'ams of copper 

(d) gain in acid normaUty of the sIh.S liberated, 

of the electrolysis to be 500 ml. . ’ assuming the volume at the end 

finf the^^Zmaf aS I«Si“ b® kept at 125 ml., 

copper, 0.20 gram of lead lldS lal Inf " '“if™" gram of 

caa, and 0.26 gram of zmc and 144 milhequivalents 
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of acid at the start (a) after just enough current has been passed to deposit 
all the lead as Pb02 and assuming no other reaction takes place at the anode 
during that time, (6) after all the copper has deposited, (c) when the current 
of 1.8 amperes has been continued 30 minutes longer. Compute the total 
volume of gas evolved during the entire electrolysis, measured under standard 
conditions. 

351. On the basis of 30 per cent current yield, compute the cost of the 
power required to produce 1 pound of NaMn04 from a manganese anode and 
0.3 N NaaCOs solution. ]j!.m.f. = 8 volts. Cost of current = 3 cents per 
kilowatt-hour. 

352. The following represents the net reaction for the discharge of an 
ordinary lead storage battery: Pb -f PbOa -h 2H+ -f- 2HSO4” 2 Pb804 + 
2H2O. Write the two half-cell reactions involved. If the charged battery 
contains two liters of sulfuric acid of specific gravity 1.28 (36.9 per cent H2S()4 
by weight) and in 1 hour the cell is discharged to the point where the specific 
gravity of the acid is 1.11 (15.7 per cent H2SO4 by vreight), what is the average 
amperage produced? Assume no change in volume of the electrolyte. 

353. A current of one ampere is passed for one hour through a. saturated 
solution of sodium cliloride connected in series with a copper coulometer con- 
sisting of copper electrodes dipping in a solution of cupric sulfate. Write 
equations for the anode and cathode reactions that take place in the NaCl 
ceil and in the CUSO4 cell. Assuming 100 per cent current efficiency, calculate 
(a) grams of copper deposited on the cathode of the coulometer, (6) number of 
liters of CI2 gas evolved (standard conditions), (c) number of milliliters of 
N/10 HCl required to titrate one-tenth of the cathode portion of the NaCl cell 

354. A copper coulometer, consisting of copper electrodes dipping in a 
solution of cupric sulfate, is connected in series with a ceil containing a con- 
centrated solution of sodium chloride. After a direct current is passed through 
both the ceil and the coulometer for exactly 50 minutes, it is found that 0.636 
gram of copper has been dissolved from the coulometer anode, {a) What is 
the average amperage used during the electrolysis? (6) Assuming 100 per 
cent efficiency, how many grams of NaClOs could be produced from the CI2 
and NaOlI formed during the electrolysis (SCb + 60H“ — > CIOs"' 4- 5C1“ + 
3H2O)? 

356. weight of C11SO4.5H2O must be dissolved in ’water so that after 

complete deposition of the copper by electrolysis, a solution will be obtained 
which is equivalent to 100 ml. of 0.100 N acid? 

35G. Pure crystals of CUSO4.5H2O weighing 1.0000 gram are dissolved in 
water, and the solution is electrolyzed with an average current of 1.30 amperes 
for 20 minutes. What w^eight of copper has been deposited? What volume 
of gas measured dry and under standard conditions has been liberated? If 
the resulting solution is made up to 100 ml. with 'water, what is its normality 
as an acid? ' 

367. Pure crystals of CUSO4.5H2O are dissolved in water, and the solution 
is electrolyzed with an average current of 0.600 ampere. The electrolysis is 
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continued for 5 minutes after all the copper has been deposited, and it is 
found that a total volume of 62.5 ml. of gas measured dry at 18°C aud 
740 mm. pressure has been evolved. What weight of ciystals was taken for 
dectrolysis? (Assume all the copper is deposited before hydrogen is evolved ) 
How many milhhtei-s of 0.100 N NaOH ydll the resulting solution neutralize? 

n ^ in nitric acid contains 1.10 grams of copper and 

0.60 gram of zmc and is 2.00 N m acid. It is electrolyzed at 1.50 ampere.s, and 
the volume is kept at 100 ml. If all the current goes to the denosition rrf 
copper at the cathode, what is the acid normality of the solution when all the 
copper ^ just deposited? What is the acid normality of the solution if the 
oun-ent is continued 20 minutes longer and 40 per cent of it goes to the reduc- 
tmn ot mtrate ions to ammonium ions: (eathodel NO3- + 86 + 10H+ = 

NH4 ■ -r 3H3O; (anode) 4H3O - 86 = 8H- + 20^. How long before the acid 

\^^ould be entirely destroyed? ^ 

f that theelec- 

t 0I3 SIS is Ascontinued as soon as the copper is deposited, compute the time 

required, the volume of gas evolved, and the gain in ^idity"^ in terms ol 
milhmoles of hydrogen 10ns when 0.8000 gram of brass in dilute HNO, 

CurrenfSqoo Sram; anode gains 0.0240 gram, 

brass -wnpeie. Compute also the percentage composition of the 


m 


* £ r 

hi' .'it 


CHAPTER X 

CALCULATIONS FROM REPORTED PERCENTAGES 


60. Calculations Involving the Elimination or Introduction of 
a Constituent. — It is occasional^ necessary to eliininate from or 
introduce into a report of an analysis one or more constituents^ 
and calculate the results to a new basis. Thus, a mineral may 
contain hygroscopic water which is' not an integral part of the 
molecular structure. After complete analysis, it may be desir- 
able to calculate the results to a dry basis as being more repre- 
sentative of the mineral under normal conditions. On the other 
hand, a material may contain a veiy large amount of water, and 
because of the difficulty of proper sampling, a small sample may 
be taken for the determination of the -water w^Mle the bulk of the 
material is diied, sampled, and analyzed. It may then be desir- 
able to convert the results thus obtained to the basis of the original 
wet sample. Tliis applies equally \vell to constituents other than 
water, and, in any case, the method by wliich these calculations 
are made is based upon the fact that the constituents other than 
the ones eliminated or introduced are all changed in the same 
proportion, and the total percentage must remain the same. 


A sample of lime gave the follovdng analysis: 

= 90.15 per cent 


Exampl'e I.' 

CaO 
MgO 
Fe203 ” 

, , SiOs' 

HoO + CO 2 (by loss on ignition) = 


• AI2O3 


6.14 per cent 
1.03 per cent 
0.55 per cent 
2,16 per cent 
100.03 per cent 


Miat is the percentage composition of the ignited sample on the 
assumption that the volatile constituents are completely expelled? 

Solution: In the sample as given, total percentage of all 
constituents is 100.03. The slight variation from the theoretical 
100 :per cent' is ::due to, experimental errors .'in the .analysis.,: , The 
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total percentage of nonvolatile constituents is 100.03 - 2.16 = 
97.87 per cent. Ignition of the sample would therefore increase 
the percentage of each of the nonvolatile constituents in the ratio 
of 100.03:97.87, and the percentage composition of the ignited 
sample would be 

= 90.15 X = 92.14 per cent 1 


6.14 X 


100.03 


6.28 per cent 


FeoOs + iUsOs = 1.03 X = 1-05 per cent 

&i02 = 0.55 X = 0.56 per cent 

100.03 per cent 

Example II. If the original sample of Mme mentioned in the 
preceding problem were heated only sufficiently to reduce the 
percentage of volatile constituents from 2.16 to 0.50 per cent, 
what would be the percentage composition of the product? 

bOLUTiON. In the original sample, total percentage of non- 
volatile constituents is 100.03 - 2.16 = 97.87 per cent. In the 
Ignited sample, the total percentage of residual constituents would 
be 100.03 — 0.50 = 99.53 per cent. The loss of volatile matter 
would therefore have_ caused the percentage of the various con- 
stituents to increase in the ratio of 99.53 to 97.87. Hence, the 
percentage composition would be 

90.15 X g^'gl = 91.68 per cent 
MgO . 6.14X^. 6.24 per cent 

Fe 203 -f- AI 2 O 3 = 1.03 X = 1.05 ner cent, 1 


Volatile matter = 0.50 per cent J 

100.03 per cent 

61 . Cases Where Simultaneous Volatilization and Oxidation or 
Reduction Occur.— Occasionally a material on ignition may not 


^•93 X gfgj - 1.05 per cent 
9-55 X = 0.56 per cent 





Assume now that the second change takes place, namely, that 
all the water is lost and that the percentage of CO 2 in the ignited 
material is brought down to 3.30 per cent due to loss of most of 
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only lose volatile constituents but may also undergo changes due 
to oxidation or reduction effects. In such cases the percentages 
of the constituents after ignition can best be calculated by assum- 
ing that oxidation or reduction occurs first, and loss of volatile 
material afterward. In other words, it is easiest to solve the prob- 
lem in two separate steps. 

Example.- 


■A mineral analyzes as follows: 

CaO = 

45.18 

per 

cent 

MgO = 

8.10 

per 

cent 

FeO = 

4.00 

per 

cent 

Si02 = 

6.02 

per 

cent 

CO 2 = 

34.67 

per 

cent 

H 2 O = 

2.03 

per 

cent 


100.00 

per 

cent 


After heating in oxygen the ignited material shows the presence 
of no water and 3.30 per cent CO 2 . The iron is all oxidized to 
the ferric state. Calculate the percentage of CaO and of Fe 203 in 
the ignited material. 

Solution: Assume first that 100 grams of the original mineral 
are taken and that the only change is that of oxidation of FeO to 
Fe 203 . Here 4.00 grams of FeO would form 4.00 X Fe20s/2Fe0 = 
4.44 grams of Fe 203 and the resulting material would gain in 
weight by 0.44 gram due to this change alone. The material now 
weighs 100.44 grams and the percentages of the constituents (other 
than Fe 203 ) are decreased in the ratio of 100/100.44. The per- 
centages are now^ 


CaO = 

= 45.18 

X 

100 / 100 , 

,44 = 

44.98 

per 

cent 

MgO = 

= 8.10 

X 

100 / 100 . 

.44 = 

8.07 

per 

cent 

FeO = 

= 4.44 

X 

100 / 100 , 

,44 = 

4.42 

per 

cent 

SiOa = 

= 6.02 

X 

100 / 100 . 

,44 = 

5.99 

per 

cent 

CO 2 = 

= 34.67 

X 

100 / 100 . 

,44 = 

34.52 

per 

cent 

H2O = 

= 2.03 

X 

100 / 100 . 

.44 = 

2.02 

per 

cent 






100.00 

per 

cent 
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the C^ 02 . The calculation then becomes similar to that of the 
preceding example: 

Percentage of CaO = 44 98 X 100.00 - 3.3 0 

100.00 - (34.52 4- 2.02) 

= 66.97 per cent. Ans. 

Percentage of Fe..O<, = 4 44 v 100 .00 - 3.30 

lOO.OO'- (34.52 + 2.02) 

= 6.61 per cent. Ans. 


Problems 

360. The percentage of copper in a s.ample of co 
content of S.27 per cent is found to be 36.47 per cent. 

on a dry sample. 

Ans. 39.76 per cent. 

361. A sample of coal as taken from the mine co 
All air-dried sample of the same coal contains 10 03 i 
cent moisture. Calculate the percentage of moisture 

Ans. 17.50 per cent. 

362. A powder consisting of a mixture of pure Ba 
tarns 20.50 per cent Cl. What would be the percents 
alter all the -water of crystallization is expelled by ig: 

ii'/is. 44.34 per cent. 

363. A sample of lime gives the folloM-ing analysis: 

CaO =: 75.12 per cent 
MgO == 15.81 per cent 
SiOo = 2.13 per cent 
Fe 20 s — 1.60 per cent 
CO 2 = 2.16 per cent 
H 2 O = 3.14 per cent 
99.96 per cent 

p/f Percentap of eirch constituent after supe 
,he CO. content has been reduced to 1.08 per cent an 


a moisture 
percentage 




"I 
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The analysis of the lime shows no water and 1.37- per cent carbon dioxide. 
Calculate the percentages of GaO, MgO, and Si02 in the lime. 

Ans. CaG = 76.14, MgO - 18.52, SiOa = 4.00, CO2 = 1.37. 

366. The oil in a sample of paint is extracted, and the residual pigment is 
found to be 66.66 per cent of the original weight. An analysis of tlie pigment 
gives 

Zinc oxide = 24.9 per cent 
JLithopone = 51.6 per cent 
Barium chromate = 23.5 per cent 
100.0 per cent 

Calculate the percentage composition of the original paint. 

iws. Zinc oxide = 16.6, lithopone = 34.4, barium chromate = 15.7, 
oil = 33.3. 

366. The same sample of iron ore is analyzed by twm chemists. Among 
other constituents, Chemist A reports: H2O = 1.62 per cent, Fe = 43.92 per 
cent. C/hemist B reports: H2O = 0.96 per cent, Fe = 44.36 per cent. Cal- 
cuiate the percentage of iron in both cases on a dry sample. Analysis of a 
dry sample shows A to be correct. What are the error and percentage error 
in the constituent iron in B’s analysis as reported? 

A 71 S. A = 44.64 per cent, B == 44.79 per cent. 0.15 per cent, 0.34 percent. 

367. A cargo of wet coal is properly sampled and the loss in weight at 
105”G. is determined as 10.60 per cent. The dried sample is used for the 
analysis of other constituents, as follows: 

Volatile combustible matter = 21.60 per cent 
Coke = 60.04 per cent 
Ash = 18.36 per cent 

The air-dried coal (moisture content = 1.35 per cent) costs $8.80 a ton at 
the mine. What is its percentage of ash? Neglecting other factors except 
water content, calculate the value of the wet coal. 

Am, 18.11 per cent. . $7,98 a ton. ■ 

868. The moisture coTiterit of a sample of AI2 (804)3. 18HyO is reduced from 
tiie theoretical to 7.36 per cent. Calculate the analysis of the partb^ dried 
material reporting percentage of AI2O3, >SO;5, and H2O. The original salt 
costs $0.0262 per pound. Calculate the cost of the dried material, considering 
only the loss in water content. 

AI^Os = 27.64 per cent, SO3 = 64.98 per cent, liuO = 7.36 per cent. 

$ 0 . 0473 , 

369, In the paper industry air-dry” paper pulp is considered as containing 
10 per cent of water. A sample of wet pulp weighs 737.1 grams and when 
heated to '‘bone dryness” weighs 373.6 grams. What is the percentage of 
air-dry pulp in the original sample? 

56.30 per rent. 




370. Ignition m air of MnOa converts it quantitatively into Mib04. A 
sample ot pyrolusite is of the following composition: MnOa = SO 0 per cent- 
biO, and other inert constituents = 15.0 per cent; H.O = 5.0 per cent The 
s.ample i.s ignited in air to constant weight. Calculate the percentage of Mn 

in the igmted sample. ^ 

Aws. 59.4 per cent. 

in mixture is found to contain 60.10 per cent UO, (essentiaOy 

m the form of ammonium diuranate). It is also'found that 10.00 per cent of 

andHOrrnroqTn''*"®'* ^ncombined volatile matter (essentially NHs 

nonvolatile inert matter. What is the per- 

mifi .in® ! “!?, >g“«on if the volatile 

mute.} Ls all lost and the uranium is converted to the oxide U^Os? 

A ns. 56.27 per cent. 
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contats^^r^® * its only volatile constituent 

contains 26.40 per cent SiO, and 8.86 per cent water. What would be the 

wlteT-isfui^h'th T heating sufficiently to drive off aU the 

oflfotr+T f t What would be the percentage 

of Siaif the Ignited material still showed the presence of 1.10 per cent watef? 

tains ^ CuSO^.SH.O and silica con- 

tams 18.10 pel cent Cu. What would be the percentage of combined sulfur in 

mateiul after the water of crj^stallization is all driven off by ignition? 

prcS of -r ^'5th a flux lost 1.50 

cent «iO. Find th T f 20.10 per 

2. nd the percentage of water and of silica in the ore as received. 

™nt "^r^r * ’"®’ *“■" 

gave 20.21 per cent Pe Tho sU'" ^ An analysis for iron content 

during which timl It!’ T shipment was stored for a considerable period 
auim^, vhich time water of crystalhzation wms lost. To fix the price it which 

mnTSrn” - increase o'f^^oircentter 

ror Caktlte ® “ *he percentage of 

the 

376. A sample of dolomite analyzes as follows: 

Si02 = 0.31 per cent 
AI2O3 - 0.07 per cent 
Fe203 = 0.09 per cent 
MgO =: 21.54 per cent 
CaO = 30.52 per cent 
GO2 = 47.55 per cent 

fn.» . 0.500..,™ „p,. „ n. "g'jJ ■'•‘-■’A ™11 »• 
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377. A sMpm,ent of meat scrap is sold with the specification that it con- 
tains a minimum of 55.00 per cent protein and a maximum of 10.00 per cent 
fat when calculated to a dry basis. The analyst for the sender reports 53.20 
per cent protein, 9.59 per cent fat, and 3.60 per cent moisture. The material 
takes on moisture during shipment and the analyst for the receiver reports 
50.91 per cent protein, 9.31 per cent fat, and 7.50 x^er cent moisture. Do either 
or both of the analyses show conformity of the material to specifications? 
On the dry basis, what is the percentage variation between the two x^rotein 
values and between the two fat values as reported by the analysts? 

378. A samxile of limestone analyzes as follows: 

CaCOs — 86.98 per cent 

MgCOa — 3.18 per cent 

Fe 203 = 3.10 per cent 

AhOs = 0.87 per cent 

SiO-i = 5.66 per cent 

HnO = 0.30 per cent 

100.09 per cent 

Analysis of the ignited material shows no moisture and only 1,30 per cent CO 2 . 
What is the X3crcentage of Fe in the ignited material? 

379. A sample of x^yrolusite analyzes as follows: MnOa — 69.80 per cent; 
Si02 and other inert constituents — 26.12 x^er cent; CO 2 = 1.96 i^er cent; 
H 2 O = 2.15 x^ei’ cent. On ignition in air all the H 2 O and CO 2 are lost and the 
MnOo is converted to MiisO.!. Calculate the percentage of ]Mns 04 in the ignited 
material. 

380. A carbonate rock analyzes as follows: CaO = 43.18 per cent; MgO = 
8.82 per cent; FeO = 3.10 per cent; Fe 203 = 1.90 per cent; Si02 = 7.30 per 
cent; CO 2 = 33.69 per cent; H 2 O = 2.00 xoer cent. A portion of this rock is 
ignited and a sample of the ignited material on analysis shows 2.00 per cent 
CO 2 and no wmter. It also shows that the ferrous iron has been completely 
oxidized. Calculate the percentage of total Fe^Og and of Ca,0 in the ignited 
material. 

62. Calculation of Molecular Formulas from Chemical Analy- 
ses. — Given a compound of unknown composition, a chemical 
analysis will determine the proportion in which the constituents 
of the compound exist. The results of such an analysis may then 
be used to calculate the empirical formula of the compound. 
Thus, the analysis of a certain salt gives the following results: 

Zinc = 47.96 per cent 
Chlorine == 52.04 per cent 
100.00 per cent 

Dividing the pereentage of each constituent by its atomic weight 
■will give the number of gram-atoms of that constituent in 100 
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grams of the compound. In 100, grams of the' above salt there are 
present 47.96/65.38 = 0.7335 gram-atom of zinc and 52.04/35.46 = 
1.4674 gram-atoms of chlorine. These niimbers are seen to be 
in the ratio of 1 to 2. The empirical formula of the salt is there- 
fore ZnCl 2 j although^ as far as the above analysis is (.^oncernedj the 
actual formula might be Zn 2 Cl 4 , ZnsCh, or any other whole mul- 
tiple of the empirical formula. In geiiewh the determination of 
the molecular weight of a compound is necessary in order to deter- 
mine which multiple of the empirical formula will give the actual 
formula. The usual methods of establishing molecular weights 
by means of vapor density, freezing-point lowering, boiling-point 
raising, and other physicochemical phenomena should already be 
familiar to the student but the following will serve as a brief review. 

Equal volumes of gases under identical conditions of tempera- 
ture and pressure contain the same number of molecules (Avo- 
gadro) . Therefore the molecular weights of gases are proportional 
to their densities. Since under standard conditions of tempera- 
ture and pressure (O'^C., 760 mm.) a gram-molecular weight of a 
gas (c.g., 32 grams of O 2 ; 28.016 grams of N 2 ) occupies 22.4 liters, 
an experimental method of determining the molecular weight of 
a gas is to measure its density under known conditions of tem- 
perature and pressure and calculate the weight of 22.4 liters of 
it under standard conditions (see Sec. 109). The molecular weight 
of a solid or liquid can also be determined in this way if the sub- 
stance can be converted to a gas without decomposition or change 
in degree of molecular association. 

A soluble substance lowers the freezing point and raises the 
boiling point of a definite weight of a solvent in proportion to 
the number of molecules or ions of solute present. In the case 
of a nonpolar (un-ionized) solute dissolved in water, one gram- 
molecular weight of the solute dissolved in 1,000 grams of winter 
raises the boiling point of the water by 0.52'^C. (ic., to 100.52®C.) 
and lowers the freezing point of the water by 1.86° (f.c., to 
~ 1.86°C.) . In general, for aqueous solutions of nonpolai* solutes. 

' [ X 0.52 = ]‘aismg of' 

Grams of solute ^ 1,000 ^ boiling point 

Mol wt. of solute ^ grams of water ^ X 1.86 = lowering of 

^ freezing point 
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Ionized solutes change the boiling point or freezing point of a 
■solvent to a greater degree owing to the greater number of par- 
ticles present. Thus, NaCl at ordinary concentrations depresses 
the' freezing point of water and raises. the boiling point by about 
twice as. much as calculated from the above formula, owing to 
ionization into Na+ and Cl“ ions. Similarly, CaCls and Na 2 S 04 
give an effect about three times as great as that of a nonpolar 
solute. 

Solutes dissolved in solvents other than water show analogous 
i:)ehavior in that the changes in freezing point and boiling point 
brought about by a mole of solute in 1,000 grams of solvent are 
fixed values {but^ of course different from those values given by 
w'ater as the solvent) . 

The determination of the molecular weight of a soluble sub- 
stance can therefore be made by preparing a. solution of a known 
weight of it' in a known wnight of solvent (preferably ^vater) and 
measuring the point at wdiieh the solution begins to freeze or boil. 

Ex.\mple L — A certain organic compound is found by analysis 
to contain 40.00 per cent carbon, 6.71 per cent hydrogen, and the 
rest oxygen. When converted to a gas it has a density 2.81 times 
that of oxA^'gen at the same temperature and pressure. What is 
the formula of the compound? 

Solution: In 100 grams of substance- there are 40.00 grams 
of C, 6.71 grams of H, and 53.29 grams of O. This corresponds to 



40.00 

12.01 

6.71 

1.008 


= 3.33 gram-atoms of C 
== 6.66 gram-atoms of TI 


53.29 

16.00 


= 3.33 gram-atoms of O 


These are in the ratio of 1:2: 1 

Empirical formula == CH 2 O 

Formula weight of CH^O == 30 (approx.) 

Molecular Aveight of compound = 2.81 X 32 = 90 (approx.) 


Therefore, 


B'ormuia of compound == ^ ; Am. 
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Example II. Butandione is a yellow liquid containing 55 8 
per cent carbon, 7.00 per cent hydrogen, and 37.2 per cent oxygen. 
It is soluble in water, and the solution does not conduct electricity 
A water solution contaming 10.0 grams of the compound in 100 
grams of water freezes at -2.16°C. What is the formula of 
butandione? 

Solution : 

Gram-atoms per 100 grams = ~ 

12.0 

= ^ 

1.00 

= 3 ^ 

16.0 

These are in the approx, ratio of 2:3:1 


= 4.65 of C 
= 7.00 of H 
= 2.32 of 0 


Jimpmcal lormula = C 2 H ,-,0 
Formula weight of C 2 H ,,0 = 43 
10.0 , . 1,000 . 


■X 


X 1.86 = 2.16 


Solving, 

Therefore, 


Mol. wt. 100' 

Mol. wt. = 86 

Actual formula = CTIcOa. Am.?. 


63. Calculation of Empirical Formula of a Mineral. — The cal- 
culation of molecular formulas plays an important part in the 
analysis of natural minerals. A careful analysis furnishes a means 
of establishing the empirical formula of a mineral of high degree 
of purity, although its actual formula is usually impossible to 
determine by ordmary physicochemical methods since minerals 
cannot be vaponzed or dissolved unchanged. The method of 
calcuLation is similar to that of the preceding examples, except 
that the^ basic constituents of a mineral are usually expressed in 
nrms of their oxides. If the percentage of each constituent is 
divided by its molecular weight, the number of moles (gi-am- 
molecular weights) of that constituent in 100 grams of the mineral 
IS obtained. From the ratios of the number of moles of the various 
constituents thus obtained, the formula of the mineral may be 
determined. It should be remembered, however, that analytical 
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methods are subject to errors. It can hardly be expected, there- 
fore, that the number of moles of the various constituents as 
i determined analytically will be exactly in the ratio of small whole 

numbers, although in the actual molecule (except in cases involv- 
ing isomorpliism, discussed below) the molar ratios are small whole 
j numbers. In a few cases, some judgment must be exercised in 

j order to determine from^the analysis the true molar ratios of the 

constituents in the molecule. A slide rule will be found to be 
a.Imost indispensable for this purpose, since, with two settings of 
the rule, ail possible ratios are visible. 

Example.— T he analysis of a certain mineral gives the follow- 
ing results : 

! AhOs = 38.07 per cent 

I K2O = 17.70 per cent 

‘ CaO = 10.46 per cent 

Si02 == 33.70 per cent 
; 99.93 per cent 

What is the empirical formula of the mineral? 

! Solution: In 100 grams of the mineral there are present 

38.07 ^ 38.07 

Akbs ~ lOVO ■" 

S ' 17 70 ■ 17 70 

= 0.1879 mole of K2O 

KAJ 94.20 

10.46 10.46 

TTwv = = 0.1865 mole of CaO 

CaO 56.07 

33.70 33.70 ^ 

aoT ”66~3~ ^^^2 

i It is seen that the moles of these constituents are near enough 

ill the ratio of 2: 1:1:3 to be within the limits of experimental 
error. The molecule is therefore made up of 2Al203.K20.Ca0.3Si02 
< and may be written K2CaAl4Si30i4. 

‘ 64. : Calculation of Formulas of Minerals Exhibiting Isomorphic 

Replacement.— Complications arise in the calculation of formulas 
in the cases of minerals exhibiting isomorphic replacement, f.a., 
the partial replacement of one constituent by one or more other 
I constituents having the same general properties.' Tt therefore 

happens that, owing to different degrees of replacement, samples 
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of the same kind of mineral 'Obtained from different localities often 
give on analysis numerical results which a.ppareiitly bear little 
resemblance to one another. 

' As a general rule, a constituent may be replaced only by another 
of the , same type and valence. Thus, Fe203 is often partially or 
wholly replaced by AI2O3, and vice versa. CaO may be replaced 
by MgO, MnO, FeO, etc. Exceptions are sometimes met with, 
but, for purposes of calculation, this assumption may be safely 
made. Since the isomorphic replacement occurs in no definite 
proportion, it follows that the molar amounts of the constituents 
in such minerals do not necessarily bear any simple relation to 
one another. On the other hand, if constituent B partially re- 
places constituent A, since the valences are the same, the sum of 
the molar amounts of A and B would be the same as the molar 
amount of A if it had not been replaced. Consequently, when 
the molar quantities of the constituents of a mineral in them- 
selves bear no simple ratio to one another, the quantities of con- 
stituents of the same type should be combined in an effort to 
obtain sums that do exist in ratios of simple whole numbers. 

Ex^vmple.— A certain mineral gives the following analysis: 

AI2O3 = 20.65 per cent 
Fe203 = 7.03 per cent 
CaO = 27.65 per cent 
Si02 == 44.55 per cent 
99.88 per cent 

What is the empirical formula? 

Solution : The number of moles of each constituent in 100 
grams of the mineral is found to be 


0,2465 moie 


r 




HlliiiiiiiiiSiiiSi 




SP 
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Onty \\'heii the molar quantities of the first two constituents 
are coinbined are all the above numerical results found to be in 
simple ratio to one another, these being approximately as 1:2:3. 
This shows isoniorpliic replacement between Fe203 and AI2O3, 
and the formula of the mineral may therefore be written 

(Al,Fe)203.2Ca0.3Si02 

or 

Ga 2 (Al,h e)2Si30ii. A/i-s. 

Problems 

381. From, the following percentage composition of ethylamine, calcu,late 
its empirical .formula: C == 53.27 per cent, H = 15.65 per cent, N = 31.08 
per cent. 

C 2 H 7 N. 

382. Calculate the empirical formula of the compound having the following 

composition: Ca = 23.53 per cent, H = 2.37 per cent, P - 36.49 per cent" 
0 = 37.61 per cent. ’ 

Ans. Ca(H 2 P 02 ) 2 . 

383. Calculate the empirical formula of an organic compound having the 
following composition: C - 6S.83 per cent, H = 4.96 per cent, 0 = 26.21 per 
cent. 

CrllfA. 

384. Show that the following analysis of diethylhydrazine agrees with 
the formula (C 2 ,H 5 ) 2 :N.NH 2 : 

Carbon = 54.55 per cent 
Hydrogen = 13.74 per cent 
Nitrogen = 31.80 per cent 
100.09 per cent 

386. Calculate the molecular formula of a compound that has a molecular 
V eight of approximately 90 and ha.s the following composition : C ~ 26.67 per 
centj.H = 2.24 per cent, 0 = 71.09 per cent., 

ilnS. H 2 C 2 O 4 . 

386. A certain compound of carbon and oxygen has an approximate 
molecular weight of 290 and by analysis is found to contain 50 per cent by 
weight of each constituent. What is the molecular formula of the compound? 

Ans. C 12 O 9 . 

887. What is the molecular weight of a substance, 0.0850 gram of which 
dissolved in 10.0 grams of water gives a solution freezing at ~0.465°C. and 
not conducting electricity? What is the molecular formula of the substance 
xf it contains o.94 per cent hydrogen and 94.06 per cent oxygen? 

, '.ilws., .. 34 . 0 ., II 2 O 21 . , , 


m 
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388. A certain organic compound contains 48.64 per cent carbon, 43,19 
per cent oxygen, and the rest hydrogen. A solution of 7.408 grams of the solid 
m 100 grams of water boils at 100.52°C. and does not conduct electricity. 
W hat is the molecular formula of the compound? 

Atis. C3H6O2. 

389. A certain gaseous compound i.s found by analysis to consist of 87.44 
per cent nitrogen and 12.56 per cent hydrogen. If 500 ml. of the compound 
has almost exactly the same weight as that of SOO ml. of oxygen at the same 
temperature and pressure, what is the molecukr formula of the compound? 

Ams. N2H4. 

390. A certain organic compound contains almost exactly 60 per cent 
carbon, o per cent hydrogen, and 35 per cent nitrogen. A solution of 20.0 
grams ol the compound in 300 grams of water does not conduct electricity 
pounir^^^^ -1-55°C. What is the molecular formula of the com- 

Ans. C4H4N2. 

391. A certain sugar is a compound of carbon, hydrogen, and o.xygen 
Combustion in oxygen d a sample weighing 1.200 grams yields 1.759 grana of 
CO2 and 0.720 gram of H2O. A solution of 8.10 grams of the substance in 150 
grams of water boils at 100.156“C. What is the molecular formula of the sugar? 
At what temperature should the above solution freeze? 

Ares. CcHijOe. -0.558'’C. 

392. At a certain temperature and pressure 250 ml. of a certain iras cnn 

Si2H6. 

393. When 0.500 gram of a certain hydrocarbon is completely burned in 
oxygen, 0.281 gram of H2O and 1.717 grams of CO. are formed When a 
certain weight of this compound is vaporized, it is found to have a volume 

SdSoTof temneT'®’ “‘f same 

thfcompLnd the molecular formula of 

Ares. CioHs. 

cen? Cao“ gave the following results: H2O = 4.35 per 

tent, CaO 27.15 per cent, AlA = 24.85 per cent, SiO. = 43.74 per cent 
Calculate the empirical formula of the mineral. ” 

A 71 S, •HoCa2Al2Si30i2. 

the composition of vivianite as follows: P.O^ = 28 3 oer 




''fflitii'lSI 
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396. The percentage composition of a certain silicate is as follows: K.O = 
21.53 per cent, Al^O, = 23.85 per cent, Sia = 55.12 per cent. Calculate the 

empirical formula of the silicate. 

Am. KAlSi206. 

397. A certain conipoiiiid contains only the following constituents: CaO, 
Na20, SO3. The percentages of these constituents are in the respective 
approxi,mate ratios of 9:10:26. What is the empirical formula of the com- 
pound? 

Na2CaS20,s. 

398. What ^ is tlie enipi.rical formula of a simple basic cupric carbonate 
wliich, according to Rogers, contains 57.4 per cent Cu and S.l per cent HaO? 

Afis. Cli 2(0H)2C03. 

399. The composition of Insmutite is given by Ramm as follows: CO2 = 
6.38 per cent, BioOs = 89.75 per cent, H2O - 3.87 per cent. Calculate the 
empirical formula. . 

Am. 2Bi8C30is.9H20. 

400. What is tiie empirical formula of a silicate which gives the following 
a.iialysis: 

CaO = 24.72 per cent 
MgO — 11.93 per cent 
FeO = 10.39 per cent 

5101 = 53.09 per cent 

i00.13 per cent 

Am. Ca(Mg,Fe)(Si03)2. 

401. A silicate gives the following a.nalysis. If two-thirds of the water 
exists as water of crystallization, what is the empirical formula? 

H2O — 17.22 per cent 
CaO ~ 8.22 per cent 
Na-jO = 0.76 per cent 
AI2O3 = 16.25 per cent 
SiOo = 57.48 per cent 
99.93 per cent 

AtirS, Il4(Ca, In a2)Al2'(SiO, ■5)6.4,1120. 

402. Calculate the empirical formula of a mineral that analyzes as follow^s: 

MnO = 46.36 per cent 
CaO = 6.91 per cent 

5102 = 46.78 per cent 

100.05 per cent 

■Am. (,Mii,Ga)SiOs. 

,403., .'The, analysis, of samples of microciine and .of albite are given below. 
■.Show’',, that these minerals are of the, same type. ''.Give the general em.pirical 
' formula. Assume, the percentages of silica, and alumina to be the. most reliable.. 


CaO = 
SiOs = 
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Miceoci-ike 

11.11 per cent 

= 13.56 per cent K,0 = 0.51 per cent 

-Wa = 19.60 per cent CaO = 0.38 per cent 

b,0. = ^ per cent AljO, = 19.29 per cent 

99.56 per cent SiOa = 68.81 per cent 

dmo /T^ AT ^ 4 1 C- ^ 100.10 per cent 

Ans, (I\jNa)AISi 30 s. 

404, Calculate the empirical formula of axinite from the foUowng analysis 

. il 20 = 1.58 per cent 

CaO — 19.63 per cent 
FeO = 9.54 per cent 

MnO ~ 3.01 per cent 

AI 2 O 3 = 17.92 per cent 
B 2 O 3 == 6.12 per cent 

bi 02 == 42.23 per cent 
100.03 per cent 

Am, HCa 2 (Fe,Mn)Al 2 B(Si 04 ) 4 . 

406. A sample of the mineral biotite gave the following analysis; 

II 2 O = 1.10 per cent 
FeO ~ 9.60 per cent 
AI 2 O 3 = 22.35 per cent 
K 2 O = 14.84 per cent 
MgO 12.42 per cent 
SiOo - 39.66 per cent 
99.97 per cent 

lat is the empirical formula of the mineral? 


a compound of the following composi- 
^ent^ As =« 37.08 per cent, O = 23.74 


WL Anaiysrs of an organic compound gave the follow 
per cent, H = 4.38 per cent, O = 34.76 per cent. Ci 
tormula of the compound. 

«• molecular we 

1 60 and to give the following analysis; carbon = 57 82 
d.64 per cent, oxj'gen (by difference) = 38.54 per . 
molecular formula of the acid. 

409. Calculate the empirical formula of the tiompo 
composition: Sb = 49.55 per cent, O = 6.60 per cent, C 

410. Metaforraaldehyde contains 40.00 per cent earboi 
gen, and 53.33 per cent oxygen. A solution of 10.03 gn 


CALCULATIONS FROM REPORTED PERCENTAGES 151 
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in 250 grams of water freezes at — 0.827°C. and does not conduct electricity. 
Wtiat is the molecular formula of metaformaldehyde? 

411. A certain derivative of benzene contains only carbon, hydrogen, and 
nitrogen, and is not ionized in aqueous solution. Analysis of the compound 
shows 58.51 per cent carbon and 7.37 per cent hydrogen. A solution of 30:0 
grams of the compound in 150 grams of water freezes at — 3.02°C. What is 
the molecular formula of the compound? 

412. What is the moieculrii:- weight of a substance 4.50 grams of whichy 
when dissolved in 50.0 grams of water, gives a solution freezing at 0.93°C. 
but not conducting electricity? What is its molecular formula if it contains 
40.00 per cent carbon, 6.67 per cent hydrogen, and 53.33 per cent oxygen? 
At what temperature would the solution boil? 

413. A certain hydrocarbon contains 79.89 per cent carbon and has a 
density 1.07 times that of N2 at the same temperature and pressure. What is 
the molecular formula of the hydrocarbon? 

414. A sample of a certain compound of carbon, hydrogen, and oxygen 
weighing 2.(X)0 grams yields on combustion in oxygen 2.837 grams of CO2 and 
1,742 grams of H2O. A sokitiori of 2.150 grams of the compound in 60.0 grams 
of water is nonconducting and freezes at •~1.28S°C. What is the molecular 
formula of the compoimd? 

416. Under standard conditions a liter of a certain gaseous compound of 
boron and hydrogen weighs 2.38 grams. When 1.00 gram of this compound is 
heated, it is completely decomposed into boron and hydrogen, and the latter 
has a volume of 2.10 liters under standard conditions. Calculate the molecular 
formula of the boron hydride. 


416. A certain gas is composed of 46.16 per cent carbon and the remainder 
nitrogen. Its density is 1,80 times that of air at the same temperature and 
pressure. What is the molecular formula of the gas? (Calculate the apparent 
molecular weight of air by considering it four-fifths nitrogen and one-fifth 
oxygen.) , 

417. Calculate the formula of a compound of carbon, hydrogen, nitrogen, 
and oxygen from the following data. Approximate mol. wt. 140. Decom- 
position of a 0,2-gram sample gives 32.45 mi. of nitrogen when measured 
dry under »staridard conditions. The same weight of sample on combustion 
in oxygen yields 0,3824 gram of CO2 and 0.0783 gram of II2O. 

418. What is the empirical formula of a mineral containing 3.37 per cent 
m^ater, 19.10 per nent aluminum oxide,' 21.00 per cent calcium oxide, and 
.56.53, per cent silica? ■ 

419. Zircon is a pure silicate of zirconium containing 33.0 per cent of silica. 

• What is its empirical formula? 

,420.,, A tungstate has the following composition: ■ WO3, = 76.5 per cent,; 
FeO = 9.6 per cent, MnO = 14.0 per cent. Calculate the empirical formula.* 

421. Calamine is a basic zinc silicate of the following composition: ZnO = 
67.5 per cent, H2O = 7.5 per cent, SiOs - 25.0 per' cent. ' Caiculate its e'm-/ 
pirical formula. 
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422. A siUcate of the composition given below is found to have 86 oer cent 
form^lf^*” “'y^^^allization. What is the empirical 

H 2 O = 7.7 per cent 

K 2 O ~ 28. 1 per. cent 
CaO = 20.4 per cent 
Si02 = 43.8 per cent 
100,0 per cent 

^ .sample of a certain hydi-ogen-potassium-magnesium-aluminum 

1 ca e 1.2000 grams yields the following products; 0.0516 gram 

0 water. 0.4OTO gram of KCIO., 0.9550 gram of Mg, PA, and 0.1461 Lm 
of alumina. W hat is the empirical formula of the mineral? 

424. From the foUovring data obtained from the analysis of a feldspar 

npS of the sample and determine the 

pincal_ foimula of the mineral, omitting the calcium from the formula and 
assuming the percentages of silica and alumina to be the most reliable. 

Sample taken = ].2000 grams 

Silica obtained = 0.7751 gram 

Alumina obtained ^ 0.2255 gram 
Calcium oxide obtained = 0.0060 gram 
KCi 4- NaCl obtained = 0.3193 gram 
K 2 PtClfi obtained = 0.7240 gram 


PART III 

VOLUMETRIC ANALYSIS 

CHAPTEE. XI 

CALIBRATION OF MEASURING INSTRUMENTS 

65. Measuring Instruments in Volumetric Analysis.— The prin- 
ciple of volumetric analysis differs from that of gravimetric analysis 
in that, instead oi isolating and weighing a product of a reaction 
diiectly oi indirectly involving the desired substance, the volume 
of a reagent required to bring about a direct or indirect reaction 
with that substance is measured. From the volume of the reagent 
and its concentration, the weight of the substance is calculated. 

Since volumetric analysis makes use of exact volume relation- T 

ships, it is essential iirst to adopt a definite standard for a unit 
volume and then to calibrate all measuring instruments to con- 
form to this standard. The measuring instruments most often 
used are burets, pipets, and measuring flasks, and the experi- 
mental methods of calibi’ating them may be found in any standard 
reference book on quantitative analysis. 

66. Calculation of True Volume. — A liter is the volume occupied 
by 1 kilogram of Avater at the temperature of its maximum den- 
sity (appro.ximately 4°C.). A milliliter {ml.) is 1/1,000 liter. A 
cubic centimeter (cc.) is the volume occupied by a cube 1 cm. on 
a side. One liter contains 1000.027 • • • cc. In calibrating a vessel, 
since the cubical content of the vessel holding the water to be 
weighed varies with the temperature, it is evident that the tem- 
perature of the container must be included in the specifications. 

Instead of taking the corresponding temperature of 4°C., the tem- 
perature of 20°C. has been accepted as the normal temperature by 
the Bureau of Standards at Washington. 

To contain & true liter then, a flask must be so marked that at 
20®C. its capacity \rill be equal to the volume of water which 
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at 4°C. weighs 1 kilogram in vacuo. From the density of water 
at different temperatures (Table IV, Appendix), the coefficient 
of cubical expansion of glass (0.000026), and the relationdiin 
e.xistmg between the weight of a substance in air and the weiofft 
m vacuo^ (Sec. 49), it is possible to calculate the amount of water 
to i3e weighed into a container in order that it shall occupy a true 
liter at any given temperature. 

Ex.uiple.--How much water at 25“C. should be weighed in 
air mth brass weights so that when placed in a flask at the same 

IT™ iSlwaf ^ P"*®™ it 'rill occupy 

Solution: Density of water at 25°C. = 0.99707 (Table IV). 

u occupy ] true liter. 

At 2o C. and m vacuo, 1,000x0.99707 grams of water wUl 
occupy 1 true liter. 

in thcTm* “ *'** ‘'“bstitatmg 

and solving for W (see Sec. 49). 

Thus, 

997.07= IV + — 'loom? 

\0.99707 

cTTv‘T**V«‘° ““ P'"* “ "KP-ind to only 

tn 0 significant figures, it is sufficiently accumte to write 

997.07 - 

whence : f 

w = 996.02 grams 

Theoretically, to contain a true liter, the flask must be at 20°O. 
and yet contain this weight of water at 25°C. Actually the tem 
peinture the ffast is also 25-C. It thereir^fanti X 

The cneffi + IS greater and the tme-liter volume is dso greater. 

■ e cient of cubical expansion of glass is 0.000026, and the 
mcrease in volume from 20 to 25°C. is 1,000 X 0.000026(25 - 20) = 
u.ld ml. ihis volume is represented by 0.13 X 0 99707 = 0 13 

gram of water. The required weight of 4er is Lrefom 

996.02 + 0.13 = 996.15 gi-ams. Ans. 
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A general formula may now be written for calculating the weight 
of water required for a true liter. 


1,000 X d 


+ [1,000 XdXc(t- 20)] 


where W = grams of watf r required for 1 true liter 
i = temperature of water and flask 
d = density of water at 

a = weight of 1 ml. of air under given conditions 
d' = density of balance weights 
c = coefficient of cubical expansion of the container 

(The values of these last three terms are usually 0.0012, 8.0, and 
0.000026, respectively.) 

fllie coi 1 ection for the expansion or contraction of the container 
is in each case small compared with the quantity to which it is 
added. G^onsequently, only an approximate value containing two 
01 three significant figures need be used. Indeed, in the case of 
instruments of 50-ml. content or less and for small differences in 
temperature, tiffs correction may ordinarily be neglected. 

By using the third column of Table IV, calculations like the 
above can be simpUfied. This column gives the weight of 1 ml. 
of water at a given temperature when the weighing is made in 
air against brass weights and the water is in a glass container. 
In othei words, corrections for expansion of glass and for con- 
version to vacuo are incorporated in the values given. It is seen, 
for example, that the answnr to the above problem is found di- 
rectly by multiplying by 1,000 the weight of 1 ml. of water at 
25°G. under the conditions specified. 

0.99615 X 1,000 = 996.15 grams. Ans. 

Problems 

426. Calculate accurately the amount of water which should be weighed 

770 mm. pressure against brass weights in 

order that the flask may be marked to contain exactly 250 true milliliters. 

: Am. 249.37 grams. ■ 

^ marked to contain 1 true liter is filled with 
water at 15 C. to the mark, and the temperature of the water is allowed to 
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rise to 25‘’C How many millimeters above the mark does the water n 
stand (inner diameter of the neck of the flask = 15.0 mnoT 
Ans. 10.2 mm. 


Am. 0.016 per cent. 498.07 grams. r 

water atlSrtf® ^ that contains 746.24 grams of 

watei at 30 C. when weighed in air against brass weights’ 

Ans. 750.06 mi. 

diamete of the ne“S“k k l(h0 Tn ‘^‘ifweoo 

of the water lie? does the meniscus 

5.9 mm. below. 


at S°b.’a°nS"m^" »e muS be 

brass weights? ^ into the flask in air against 

what percentegetrror*^wS be intrX l™® 

glass in the calculation of the weight of wTterXSdf o^ion of 

standard. It^is filled with water'^arS^C to the true-liter 

in air under normal barometric pressure agai^T S w^gto? 

contains 498.00 gi-am^fwa,i&^at28°^ of a fl^k is 14 mm., and the flask 
How far above or beW thfileus t 

in order to represent a voCnf 5^ ^ 

standard? ml. according to the true-liter 

the water dtlSrerberwSvl0*S''Le?f”^ '+i.'“^ ^ 

from the following data Erne vo im!T^ the graduations. Calculate 
between each 10-ml Wvarea^iT that the buret null deliver 

tween the 0- and the sS m^rk 1 f volume delivered be- 

that must be applied to the buiW f a graph showing the correction 

“® ^«'et reading to obtain the tme volume in any 

zero mark (temperature of the 
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measuring instruments ^ 15? 


Graduation Intervals, Ml. 

0.03-10.07 

10.07-19.93 

19.93-29.97 

29.97-40.03 

40.03-49.96 


Weight op Water 
Obtained, Grams 


10.04 
9.84 

10.07 

10.13 

10.05 


If this buret is used in a titration and the initial and final readings are 0 11 
and 46.38, respectively, what volume of solution has actually been delivered? 





CHAPTER XII 

neutralization methods 

(ACIDIMETRY AND ALKALIMETRY) 

67. Divisions of Volumetric Analysis.--It is customar 
vide the reactions of volumetric analysis into four groi 

1. Acidimetry and alkalimetiy 

2. Oxidation and reduction (“redox”) methods 

3. Precipitation methods 

4. Complex formation methods 

In Secs. 24 and 25 the principles underlying the use of 
lents, milheqmvalents, and normal solutions were taken 
general way. In this and succeeding chapters these princi 
reviewed, developed, and applied to the above four types 
metric analysis. " 

_ 68 Equivalent Weights AppUed to Neutralization Met 
yie fundamental reaction of acidimetry and alkalimetr 

follows : 

H+ + 0H--^H20 

i.e., the neutralization of an acid by a base, or the neutral 

01 a base b}?" an acid. 

_ The gram-equivalent weight of a substance acting as an 
that weight of it which is equivalent in total neutralizing 
to one gram-atom (1.008 grams) of hydrogen as hydrog, 
Ihe gram-equivalent weight of a substance acting as a 1 
that weight of It which wiU neutralize one gram-atom of hy 

A normal solution of an acid or base contains one gi-am-e 
ent weight of the acid or base in one liter of solution, . 

Sec"2™^ mirniiter of solution (sc 

weight (30.47 grar^) of hydrogen chloride furnishes for th. 
tralization of any base one gram-atom n.nOR D-ram=i 
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hydrogen. According to the definition, the value 36.47 gi-ams con- 
stitutes the gram-equivalent weight of hydrogen chloride, and a 
liter of solution containing this amount is a normal solution of the 
acid. In this case, the normal solution and the molar solution 
are identical. On the other hand, the amount of hydrogen sulfate 
required to furnish in reaction one gram-atomic weight of hydrogen 
is only one-half the grajn-molecular weight, or H2SO4/2 = 49.04 
grams, and a normal solution of sulfuric acid would contain 49.04 
grams of hydrogen sulfate per liter of solution. A molar solution 
of sulfuric acid is therefore 2 normal and contains 2 gram-equiva- 
lent weights pel' liter, or 2 gram-milliequivalent w^eights per milli- 
liter. 

Acetic acid, HC2H8O2, contains 4 hydrogen atoms in its mole- 
cule; but, when the compound acts as an acid, only one of these 
hydrogens is involved in active reaction, thus: 

HC2H3O2 -+• OH“ — > C2H302~ -h H2O 


Consequently, HC2H3O2/I = 60.05 grams of acetic acid consti- 
tute the gram-equivalent weight, and the normal solution con- 
tains this weight of acid in a liter, or 0.06005 gram of acetic acid 
per milliliter. 

Sodium hydroxide is neutralized as follows: 

(Na+)OH- -f H+ -> H2O (+ Na+) 

NaOH/l, or 40.00 grams, of sodium hydroxide constitutes one 
gram-equivalent weight of the alkali, not because the molecule 
contains one atom of hydrogen, but because it involves in reaction 
one atomic weight of hydrogen ion, as shown in the above equa- 
tion. Therefore, a weight of 40.00 grams of sodium hydroxide in 
a liter of solution represents the normal solution. Wlien calcium 
oxide is used as a base, each p-am-molecule reacts with two gram- 
atoms of hydrogen, thus: 

Ca0-l-2H+-^Ca++ + H20 

or CaO/2 = 28.04 grams of calcium oxide are needed to involve 
in reaction one gram-atom of hydrogen. Therefore, 28.04 grams 
of calcium oxide constitute the gram-equivalent weight in this case, 
although calcium oxide in itself contains no hydrogen whatever. 

Total neutralizing power should not be confused with degree of 
ionization. Equal volumes of normal solutions of hydrochloric 
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acid and acetic acid have the same total neutralizing poi 
the acids have very different degrees of ionization. In othe 
equivalent weight is based on neutralizing power and not 
tive “strength ” or degree of ionization. 


Problems 

equivalent weight of zine oxide as a 


26.05, (c) 85.69, (d) 17.03, (e) 32.03. 

H3PO4 in the reaction H3PO4 4- 2NaOH 
-4 «.s‘. 0.1382 gram. 49.00 grains. 

440. How many grams of oxalic acid 
liter of molar solution, (6) a liter 
halt-normal solution? 

(c) 126.1 grams, (6) 63.03 grams, (c) 12.61 grams, 
in Jtn (HCm,) i.s .a monobasic acid that is 3 

■>0 0 ml. m 01 del to prepare a 0.2000 normal solution? 

-4 ns. 2.301 grams. 

442. mat weight of CaO is necessary to preDare the f..ll 

o a one-hundredth molar solution of Ca(OH)!! W30.63ml.o 

-4ws. (a) 0.2804 gram, (h) 0.008588 gram. 

■7.5 g„„ .4 ii « .s: „4sr" » 

-4ns. 0.197 N. 2.14 N. 


^3 in the reaction 
gram-equivalent weight of 
Na,2HP04 d- 2HoO^ 
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tioii of the solution, (6) the normality of the solution, (c) the number of gram- 
equivalent weights of HCl in every 750 ml. of solution. 

Ans. (a) 12.87 molar, (6) 12.87 N, (c) 9.65. 

446. A solution of sulfuric acid has a specific gravity of 1.100 and contains 
16.71 per cent liaSOi by weight. What is the normality of the solution? 
Ans. 3.524 N. 


446. Assuming complete sieutralization in each case, what are the equiv- 
alent weights of the following substances when acting as acids and bases? 
(a) LiOH, (b) H2SO4, (c) Fe^Os, (d) HC2H3O2, (e) cream of tartar (KHCiHiOs). 

447. How many grams of H 2 SO 4 does a liter of 0.1000 N sulfuric acid 

solution contain? 

448. How many milliliters of HCl (sp. gr. 1.200, containing 39.11 per cent 
liCl by weight) are required to make a liter of N/10 solution by dilution with 

water? 

449 . How many grams of hydrated o.xalic acid (H«C«0,i.2H20) must be 
dissolved and diluted to exactly one liter to make a 0.1230 N solution for use 

as an acid? 

460. Chloracetic acid, CH2CLCOOH (mol. wt. = 94.50), is a monobasic 
acid with an ionization constant of 1.6 X lO”^. How many grams of the acid 
should be dissolved in 300.0 ml. of solution in order to prepare a half-norinal 
solution? 

451. How many grams of pure potassium tetroxalate (KHC2O4.H2C2O4.2H2O) 
must be dissolved in water and diluted to exactly 780 ml to make a O.OolOo" N 
solution for use as an acid? 

452. How many milliliters of sulfuric acid (sp. gr. 1.200, containing 27.32 
per cent H2SO4 by weight) are required to make one liter of 0.4980 N solution 
by dilution with water? 

453. What is the normality of a sulfuric acid solution that has a specific 
gravity of 1.839 and contains 95.0 per cent H2SO4 by weight? 

454. If 75.0 milliliters of hydrochloric acid (sp. gr. i.lOO, containing 20.01 
per cent hydrochloric acid by w^eight) have been diluted to 900 ml, what is the 
normality of the acid? 

455. How^ could a solution of HCl be prepared of such normality that each 
milliliter would represent 0.01000 gram of NaN02 when the latter is deter- 
mined by reducing to an ammonium salt, distilling the Nils with excess caustic 
alkali, and titrating the NH3 with the standard HCl? 

466. A 0.2000 N solution of barium hydroxide is to be prepared from pure 
Ba(0H)2.8H20 crystals that have lost part of their water of crystallization. 
How may the solution be made if no standardized reagents are available? 
State specifically the treatment given and the weight and volume used. 

69. Normality of a Solution Made by Mixing Similar Com- 
ponents. When several similar components are mixed and dis- 
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solved in water, the normality of the resulting solution is deter- 
mined by calculating the total number of equivalent wei-hts 
present m a liter of solution. * 

EXAMPLE.-If 3.00 grams of solid KOH and 5.00 grams of solid 
Tn 1 w dissolved in water, and the solution made up 

to 1,500 ml, what is the noimality of the solution as a base? 
bOLUTiON: Ihe number of equivalent,weights of KOH in 1,500 

“ S’ 1 liter there is ^ x ^ = 0.0356 
equivalent w^^gM of KOH. In a liter of the solu’tion there is 

4000 ^ 1^500 equivalent w^eight of NaOH. A total 

of 0.0356 + 0.0833 = 0.1189 equivalent weight of base in a liter 
makes the normahty of the solution as a base 0.1189 N. . 4 ns 

Problems 

normality of an alkali solution made by dissolviivT fi 

pmrBaSJ^SH o'® 9.42 grams' of 

puie BaCOIIja.SHjO m water and diluting to 850 ml ? fe 

Ans. 0.267 N. 

of ?f containing 62.1S per cent 

of H 2 SO 4 by weight) and 60.00 ml. of sulfuric acid fsn sr 1 S 4 n 

95 60 npr ppnf T-T QA • -uxn . , Containing 

yo.ou per cent II 2 SO 4 by weight) are mixed and diluted to 1 500 ml wUf it 

the normahty of the solution as an acid? ’ ^ 

Ans. 1.699 N. 

50.00 ml of a solution containing 5.000 grams of NaOH are added to 
60.00 ml. of a solution containing 6.000 grams of KOH wJmt Jc, tn v. 

of the mixture before and after dilution to 116.3 ml.? ’ normality 

^??s. 2.141 N, 1.841 N. 

J ^ sample of NaOH contains 2.00 per cent by weight of Na TO 

and ’"■“f ‘ ™ died in Iter 

hnl f tee normality of the resulting solution as a 

base? Assume complete neutraUzation. ^ omuon as a 

Ans. 0.935 N. 

Ans. 0.3995 N. 

462. What is the normality as an acid of a solution made by mhin-r the 
HI.™, co„pon„W 
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(a) 160 ml. of 0,3050 N HCl, (h) 300 ml. of half-molar Ii2S04, (c) 140 ml. 
contamlng 1.621 grams of HCl, (d) 200 ml. containing 1,010 grams of H.SO4* 
, Ans. 0.517 K 


463. In preparing an alkaline solution for use in volumetric mmrk, a student 
mixed exactly 46.32 grams of pure KOH and 27.64 grams of pure KkaOH and, 
after dissolving in water, diluted the solution to exactly one liter. How many 
milliliters of 1.022 N HCl necessary to neiitrahze 50.00 ml. of the basic 
solution? 

464. One gram of a mixture of 50.00 per cent anhydrous sodium carbonate 
and oO.OO per cent anhydi’ous potassium carbonate is dissolved in water and 
17.36 ml. of 1.075 N acid are added. Is the resulting solution acid or alkaline? 
How many milliliters of 1.075 N acid or base will have to be added to make 
the solution exactly neutral? 

465. What would be the appi-oximate normality of an acid solution made 
by mixing the following amounts of H2SO4 solutions? (a) 160 ml. of 0.3050 
N solution, (6) 300 ml of 0.4163 molar solution, (c) 175 ml. of solution con- 
taining 22.10 grams H2SO4, (d) 250 ml of solution (sp. gr. 1.120, containing 
17.01 per cent H2SO4 by weight). 

466. What is the normality of an alkali solution made by mixing 50.0 ml 
of a solution containing 5.00 grams of NaOH with 100 ml. of a solution con- 
taining 2.90 grams of Ba(0H)2.8H20 and diluting with waiter to 250 ml? 

70. VolBme-normaUty-Biilliequivalent Relationship.— A normal 
solution contains one gram-equivalent of solute per liter of solu- 
tion, or one gram-millieqiiivalent weight per milliliter of solution. 
It follows that the product of the number of milliliters of a given 
solution and the normality of the solution must give the number 
of milliequivalents of solute present, or 

ml. X N = number of milliequivalents 

where ml. = volume, milliliters 
' N = normality ■ 

This simple relationship is the basis of most calculations involving 
simple volume relationships between solutions and is illustrated 
in the following sections. 

71. Adjusting Solution to a Desired Normality.— A; solution ■ 
with a given normality is often found to be too concentrated or 
too dilute for the purpose for wMch it is to be used. In order to 
decrease its concentration, water is usually added; and in order 
to increase its concentration, a solution is added which contains 
the solute in greater concentration than the one given. The 


164 


mm 




ip 

' i ? i 

I'iJ; P 

' 'V ' ; 

' % , 
ifj' 'i" 

. ! ■ 

.'ii 



164 CALCULATIONS OF ANALYTICAL CHEMISTRY 

amounts required in each case may be determined by simple 

csjIcuisjXi on . 

Example L~-To what volume must 750.0 ml. of a 2.400 normal 
solution be diluted in order to make it 1.760 normal*? 

Solution : 

Before diluting, number of gram-milliequivalents 

, 750.0 X 2.400 = 1,800 
Alter diluting to x ml., these would be 

1800 g«i--niilliequivalents in x ml. 

= normality = 1.760 

Solving, 

a: = 1,023 ml. Arts. 

Example II. How much 0.600 normal base must be added 

to 750 ml. of a 0.200 normal base in order that the rerultim'lt 
tion shall be 0.300 normal? esuitin„ solu- 

Solution: 

Let X = milliliters of 0.600 N base added 

Total volume after dilution = 750 + x 

Total number of gram-milliequivalents present = 

Eesulting noimality (number ot gram-n,imetuh>°2 

(7.50 X 0 .200) + 0.e0ft. „ -idiliter). 0.300 

750TF ~ 0-300 

= 250 ml. Hns. 

Problems 

O.ofoLrm.VSt.ro “5?°'; T"" »«‘lv 

be dileio" lTn.''e2S ““ 

2,056 ml 

to “hUS ^ nmst be mixed 

Ans. 667 ml. 6 N, 333 ml. 3 N. 

469. A solution of sulfuric acid is standardized ffMvimpfWr.oUrr j -j. ■ 
found that 25.00 ml. will precipitate 0.3059 Ki-xm of BaSO Tn ^ 
m„t . UU,. ,h. edd be dildW i„ orte, m ie fwafi-™,” 

-4/i.s. 1,047 ml. 
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470. A solution of sodium hydroxide is found on analysis to be 0.5374 
normal, and a liter of it is available. How many milliliters of 1.000 N NaOH 
solution must be added in order to make the resulting solution 0.6000 normal? 

Aris. 156.5 ml. 

471. How much water must be added to 760 ml. of 0.2500 M barium 
hydroxide solution in order to prepare a tenth-normal solution? How many 
grams of Ba(0H)2.8H20 must be dissolved and diluted to 400 ml to prepare a 
twelfth-normal solution? Hbw many moles per liter, and how many gram- 
equivalent weights per liter does this last solution contain? 

Ans. 3,040 ml 5.26 grams. 0.04167 mole, 0.08333 gram-ecpivalent 
weight. 

472. A 10-ml. pipetful of H2SO4 (sp. gr. 1.80, containing the equivalent of 
80.0 per cent SO3 by weight) is diluted to 500 ml. What is the normality of 
the solution as an acid? How many milliliters of 4.00 7 nolar H3PO4 should be 
added to this solution so that the resulting mixture will be 1.00 normal as an 
acid in leactions wliere neutralization to Na2S04 and Na^HPO.} takes place? 

Ans. 0.719 N. 20.1 ml 

473. What volume of 0.2063 N KOH must be added to 150.0 ml. of 
0.1320 N KOH in order that the resulting solution shall have the same basic 
strength as a solution which contains 15.50 grams of Ba(OH)2 per liter? 

Ans. 288.6 ml. 


474. What volumes of 0.500 N and 0.100 N HCl mirst be mixed to give 2 
liters of 0.200 N acid? 

476. How many milliliters of water must be added to a liter oi 0.1672 N 
sulfuric acid to make it exactly 0.1000 N? 

476. If 10.0 ml of H2SO4 (sp. gr. 1.50 containing the equivalent of 48.7 per 
cent of combined SO3 by weight) are diluted to 400 ml., w^hat is the normality 
of the solution as an acid? What volume of 6.00 molar H2SO4 should be added 
to this in order to make the resulting mixture 1.00 normal as an acid? 

477. If 10.0 ml. of Na2COs solution (sp. gr. 1.080, containing 8.00 pei' cent 
Ka,260K by weight) a-re diluted to 50.0 ml., what is the normality of the result- 
ing solution as a base? What volume of 4.00 molar K2CO3 solution should be 
added to this solution so that the resulting mixture wall be 1,00 normal? 

478. A 500-mL graduated flask contains 150.0 ml. of 0.2000 N sulfuric acid. 
By addition of more concentrated sulfuric acid, the solution is broiiglit up to 
the mark and after mixing is found to be exactly 0.3000 N. l\ hat was the 
normality of the acid added? 

479. What volume of sulfuric acid (containing 0.150 gram of H2SO4 per 
milliliter) should be added to 250 ml of sulfuric acid (sp, gr. 1.035, con- 
taining 5.23 per cent H2SO4 by weight) in order that the resulting solution 
shall be one-molar? 
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480. A chemist desires to prepare approximately 14.00 liters of exactly 
0.5000 N NaOH. How many grams of the solid should be weighed out? 
After preparing 14.00 liters of the solution, the analyst standardizes it and 
finds it to be actually 0.4895 N. What volume of 6.00 N NaOH should be 
added to bring the solution up to half normal? After adding approximately 
tills amount, the analyst standardizes the solution and finds it to be 0.5010 N. 
How much water should now be added? 

T2. Volume and Normality Relationsliips between Reacting 
Solutions. — Since a gram-milliequivalent weight of an acid will 
just neutralize a gram-milliequivalent weight of a base and since 
the number of milliequivalents in each case is found by multiply- 
ing the number of milliliters of solution by its normality, we have 
the following simple relationship between two reacting solutions: 

ml..i X Nyi = ml.js X Nb 

A solution can therefore be standardized by determining what 
volume of it will exactty react with a definite volume of another 
solution the normality of which is already known. The normali- 
ties of the two solutions will then be in inverse ratio to the respec- 
tive volumes used. Thus 50 ml. of any half-normal acid will 
neutralize 50 ml of any half-normal base, or 100 ml of quarter- 
normal base, since the solutions contain the same number of 
equivalent ^'eights of reacting substance 25 gram-milliequiva- 
lents). To neutralize 60 ml. of 0.5 N alkali solution (30 milli- 
equivalents), 15 ml of 2 N acid (30 milliequivalents) will be 
required regardless of the chemical composition of the acid or 
alkali used. The chemical compositions of the reacting substances 
are taken into account in preparing their standard solutions. 

Example. — What is the normality of a solution of H 2 SO 4 if 
27.80 ml. are required to neutralize a 25-mL pipetful of 0.4820 
N alkali? 

Solution : 

27.80 X x - 25.00 X 0.4820 
.r = 0.4334 N. Ans. 


Problems 

481. How many milliliters of normal sodium hydroxide solution are 
required to neutralize 5 ml. of (a) N HCl, (h) N /2 HCl, (c) N /5 H 0 SO 4 , 
(d) N/5 HCl? 

Ans, (a) 5 ml, ( 6 ) 2.5 ml., (c) 1 ml, (d) 1 ml 




489. Given: Standard sulfuric, acid . = 0.1072 N 

Standard sodium hydroxide = 0.1096 N 

How many milliliters ol the sodium hydroxide solution are equivalent to 
26.42 ml of the sulfuric acid solution? 

490. If 50.0 ml. of 6.00 N ammonium hydi‘oxide and 50.0 inl, of 6.00 N 
hydrochloric acid are mixed, what is the approximate normality of the resulting 
ammonium chloride solution? 

491. How many milliliters of 0.300 N H2SD4 mil be required to (a) neutralise 
30.0 ml of 0.500 N KOH, (b) neutralize 30.0 ml. of 0.500 N BafOHls, (r) neu~ 
tralize 20.0 ml, of a solution containing 10.02 grams of KHCOg per’ 100 ml. 
(d) give a precipitate of BaS04 weighing 0.4320 gram? 


„ a solution of HCl contains 0.1243 gram-equivalent of HCl per liter 

KOH solution are necessarj^ to neutralize 

lil.ilu ml. 01 the acid.'^ 

Ans. 2.486 ml. 


483 A grfution of H.SO4 is 0.1372 nomal How many milliliters of 0.1421 

normal IvOH solution are required to neutralize 13.72 ml. of the acid? 

13.24 ml. 

484. Convert 42.96 ml. of 0.1372 normal hydrochloric acid to the equivalent 

volume of normal solution. 

Ans. 5.892 ml. 

485. Subtract 34.37 ml. of 0.1972 HCl from 42.00 ml of 0.2000 N HCl by 

converting both values to the equivalent volume.? of normal acid. Express the 
answ in terms of (a) milliliters of 1.000 N HCl, (b) number of milhequivalenta 
of HCl, (c) number of millilitere of 0.5000 N NaOH. 

.4ws. (a) 1.622 ml., (6) 1.622, (c) 3.244 ml. 

486. lo neutralize 10.00 ml. of dilute acetic acid, 13.12 ml. of 0.1078 N 
KOH were required. What was the normality of the acid? 

ilns. 0.1415 N. 

487. A solution containing 31.21 ml. of 0.1000 N HCl i.s added to a solution 
containing 98.53 ml. of 0.5000 N H^SO,, and 50.00 ml. of 1.002 N KOH are 
added. Is the resulting solution acid or alkaline? How many milliliters of 
0.3333 N acid or alkali will make it exactly neutral? 

Ans. Acid. 6.86 ml. of alkaU. 

488. If 50.00 ml. of 1.087 normal HCl are added to 28.00 ml. of a solution 
of a solid substance having an alkaline reaction, the alkali is more than neu- 
traUzed. It then requires 10.00 ml. of 0.1021 N alkali to make the solution 
exactly neutral. How many milliequivalents of base per milliliter did the 
original solution of solid substance contain, and what was its normality as an 
alkali? 

Am. 1.904, 1.904 N. 
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492, 1.000 ml. NaOH = 0 = 1.012 mi. HCl 

HCl - 0.4767 N 


If 100.0 mi. of the alkali have been diluted to oOO.O ml. with the idea of 
preparing an exactly N/10 solution, how much too large is the volume? 


73. Determination of the Normality of a Sointion.' — A solution 
may -be standardized (Le,^ its normality may be determined) in 
a variety of ways. In a few specific cases, it is possible to pre- 
pare a standard solution by accurately ^\'eigliing out the solute^ 
dissolving, and diluting to a definite volume. This method ivS 
applicable only to solutions of such substances as can be weighed 
out accurately and the composition and purity of wliich are 
definitely known. 

In some cases, it is possible to determine the normality of a 
given solution by gravimetric methods, i.c., by taking a definite 
volume of solution and precipitating the principal constituent in . 
the form of a weighable compound of known composition. From 
the v^eight of this compound the W' eight of the solute in the vol- 
ume of solution taken is calculated. This gives a direct measure 
of the normality. For example, if a certain volume of h3xlrochloric 
acid is treated with an excess of silver nitrate, the weight of the 
precipitated silver chloride is a measure of the weight of hydrogen 
chloride in a liter of the acid. Since a liter of normal hydrochloric 
acid contains 36.47 grams of HCl, the normality of the solution 
is found by direct proportion. 

A solution is most often standardized, however, by determining 
the exact volume of it required to react with a known weight of 
substance of kno^^^l purity (usually, but not necessarily, 100 per 
cent pure). One liter of a normal solution of an acid, for example, 
contains one gram-equivalent weight of that acid and therefore 
must just neutralize one gram-equivalent weight of any base, or 
.one milliliter (a more convenient unit for ordinary experimental 
work) of the acid will neutralize one gram-milliequivalent weight 
of any base. One milliliter of normal acid will just neutralize 
one miUiequivalent w^eight in grams of any base. For example, 
it will neutralize Na2C03/2, 000 = 0.05300 gram of pure sodium 
carbonate, K2CQ3/2,000 = 0.06910 gram of pure potassium car- 
bonate, or NaOH /1, 000 = 0.04000 gram of pure sodium h\?'droxide. 
If 1 ml. of an acid solution were found to neutralize 0.1060 gram 


i.. 


neutralization methods ■ 169 

{i.e., 2 gram-milliequivalents) of pure sodium carbonate, the acid 
would be two-normal. It 1 ml. of an acid solution were found to 
neutralize 0.02000 gram gram-milliequivalent) of pure sodium 
hydroxide, the acid would be one-half normal. The same reason- 
ing holds true for the standardization of alkali solutions against 
acids and, as will be seen later, for the standardization of solu- 
tions of oxidizing, reducing, and precipitating agents. In calcu- 
lating the normality of a solution standardized in this waj^, the 
nuinber of grams of pure standardizing agent diidded by its milli- 
equivalent weight gives the number of gram-milliequivalents pres- 
ent. This must be the same as the number of gram-milliequivalents 
of substance in the solution used. Since this equals the number 
of milliliters times the normality. 


ml.., X N., 


ml .,. X 

where ex is the milliequivalent weight of pure substance x which 
is titrated with solution s, 

Ex.iMPLE.— A sample of pure oxalic acid (H2C2O4.2H2O) weighs 
0.2000 gram and lequires exactly 30.12 ml. of potassium hydroxide 
solution foi complete neutralization. AVhat is the normality of 
the KOH solution? 

Solution: The millieciuivalent weight of oxalic acid is 


H2C2O4.2H2O 

2,000 


0.06303 


The number of milliequivalents of oxalic acid present is 
0.2000/0.06303. The number of milliequivalents of KOH re- 
quired is 30.12 X N. 


30.12 X N = 


0.2000 


■ 0.06303 

N = 0.1053. Am. 

74. Conversion of Data to Milliequivalents.^ — In general, the 
student wiU usually find that the most satisfactory initial step in 
solving problems in analytical chemistry is to convert amounts of 
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reacting substances to the corresponding number of miilieqiiiva- 
ients 'of these substances. vSince the number of miilieqiiivalents 
of reacting substances are the same, such problems resolve them- 
selves into the simplest types of algebraic equations. The fol- 
lowing three formulas are of general applicability. 

1. Solution a of given normality: 

mbs X Ns = no. of me.-wtsr of solute 

2. Solution a of given specific gravity and percentage composi- 
tion : 

percentage x in solution 


mhs X sp. gi\s X ^ 


■ = no. of me.-wts. of solute 


3. Solid x: 


where Cx 


gramS;2 


== no. of me.-wts, of solid 


gram-milliequivalent weight of solid or solute 

Even in gravimetric analysis, the chemical factor (Sec. 52) ex- 
presses nothing more than a ratio between two equivalent or milli- 
equi valent weights. For example, the chemical factor 2 Fe/Fe 203 
represents the weight of iron equivalent to a unit weight of ferric 

Fe/1,000 
Fe2O3/2,000' 

ratio of the milliequivalent weights of the two substances. 


oxide. It is identical to the fraction 


which is the 


Problems 

493. A hydrochloric acid solution is of such strength that 45.62 ml. are 
equivalent to 1 .600 grams of pure Na 2 C 03 . Calculate: (a) the number of gram- 
equivalents of Na 2 C 03 neutralized by 1.000 liter of the acid, (b) the number 
of gram-miliiequivalents of Na 2 C 03 neutralized by 1.000 ml. of the acid, 
(c) the normality of the acid. 

(a) 0.6616, ( 6 ) 0.6616, (c) 0.6616 N. 

494. \Mmt is the normality of a solution of HCI if 20.00 ml. are required to 
neutralize the NHs that can be liberated from 4 millimoles of (NH 4 ) 2 S 04 ? 

Atis. 0.4000 N. 

495. How many milliliters of 3.100 N NaOH will be neutralized by (a) 105.0 
ml of H 2 SO 4 (sp. gr. 1.050), ( 6 ) 10.50 grams of SO 3 ? 

Am. 53-44 ml., 84.61 ml. 

49S. Three millimoles of pure thiourea, CS(NH 2 ) 2 , are digested with con- 
centrated H 2 SO 4 and the nitrogen thereby converted to ammonium bisulfate. 
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Excess NaOH is added and the liberated NH 3 is caught in 25.0 ml. of H2SO4 
(1.00 mi. 2.00 ml. NaOH ^ 0.0315 gram H 2 C 2 O 4 . 2 H 2 O). The excess acid 
then requires 20.0 ml. of KOH. How many millimoles of PaOg would each 
milliliter of the KOH be equivalent to in. the neutralization of H3PO4 to the 
point of forming K2HPO4? 

Ans. 0.0813 miliimoles. 

497. A 10 -ml. pipetful of dilute sulfuric acid was standardized gravi- 
metrically by adding an ex-sess of BaCh, filtering, igniting, and weighing the 
resulting precipitate. The weight w^as found to be 0.2762 gram. Calculate 
the normalitj^ of the acid. 

A 71 S. 0.2366 N. 

498. The normality of a siilfuiic acid solution is 0.5278. If 38.61 ml. 
of the acid are equivalent to 31.27 ml. of a solution of NaOH, calculate the 
normality of the NaOH. If 38.61 ml. of the acid are equivalent to 62.54 ml. 
of a solution of Ba(OH) 2 , what is the normality of the Ba(OH) 2 ? 

Ans, 0.6516 N. 0.3258 N. 

499. Calculate the normality of a. solution of hydrochloric acid and of 
sodium hydroxide from the following data: 

1.000 ml. of liCl 0.9492 ml. of NaOH 
39.81 ml. of HCl o 0.6293 gram of AgCl 

Ans. HGl = 0.1105 N, NaOH = 0.1162 N. 

500. A sample of pure CaCOa weighs 1.0000 gram and requires 40.10 ml. 
of a solution of HCl for neutralization. What is the normality of the acid? 
What volume of sulfuric acid of the same normality 'would be required for the 
same weight of CaCOs? What volume of KOH solution of which 20.00 ml. 
will neutralize 1.420 grams of KHC 2 O 4 .H 2 O would be neutralized by 50,32 ml. 
of the acid? 

Ans. 0.4985 N. 40.10 ml. 51.59 ml 

iOl. To a sample of sodium carbonate (99.20 per cent pure NaaCOg) 
w^eighing 1.0500 grams are added 48.24 ml. of a solution of acid. This is in 
excess of the amount required for complete neutralization. The resulting 
solution is brought back to the neutral point with exactly 1.31 ml. of sodium 
hydroxide solution of which 1.000 ml is equivalent to 1.010 ml. of the acid. 
Calculate the normality of the acid. 

Ans. 0,4189 N. , 

502, In standardizing an alkali against 0.1200 gram of a solid acid (equiva- 
lent w^eight - 114.7), 38,92 ml. of the alkali are added before it is realized 
that the end point has been overstepped. By introducing 0.0050 gram of 
pure H 2 C 2 O 4 . 2 H 2 O into the solution, it is found that 0.58 ml. of the alkali is 
required to make the solution neutral What is the normality of the alkali? 

Am. , 0.02850'^N.'' 
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„ • i,- . ^ ^ OatjUs and no other basic material. The 

tlip^^p -7-42 gram was titrated by adding an excess of acid (29.97 ml ) and 
the excess was titrated with 10.27 ml. of NaOH solution (1 000 ml ^ thl 
.Old . 1,024 ml. of the NaOH). Calculate the iiormahty oJ each sltt!'^ 

MS. H2SO4 == 0.6664 N. NaOH = 0.6507 N. 

KHCHor“?’?-°\’'^n potassium acid phthalate (a monobasic acid 

”“T 

506. 10.0 ml. NaOH o 0.0930 H2C0O4.2H.O 
1.00 ml. NaOH o 0.S50 ml. HCl. 

What is the normality of the HCl solution? 

•f m*n’ youW be the normality of a solution of (a) HCl and (b) H SO 
If 40.0 ml of the acid are required to neutralise 0.500 gram of r 
taimng 9o.0 per cent total alkali calculated as K.CO3? 

Sr ™(NH.),, .re diBsMrf ,.ith 

How many millimote of hydrated AlA Illl'e.chShto” the .“re h'to 

be capable of reacting with to form AI2 (804)3? 

TCnSaHCO^SSi^ grams of pure 

nf +1 •* ^rhC!0.i.2HoO in water and diluting to exactly 900 ml. Fifty milliliters 

7=:oh':.:r*''‘ ■>' '“■> 

609. 1.000 ml. NoaOH o 0.0302 gram H2C0O4.2H2O 
, ~ 0.1123 gram BaCOa 

What IS the ratio by volume of HCl to NaOH? How much solid NsOH 
must be added to 800 ml. of the alkali solution so that when 4e resulting 
solution is diluted to 1,000 ml. it will be 0 5000 N^ TTpn 1 . * ' g 

be added to 1 nno ,v.i „f *1, uei. 7 . JN f How much water must 

1 OTO ml of ti 1 is the value of 

1.W m ol the original NaOH m terms of grams of benzoic acid (HC,H,0.)9 

(a) 20.00 ml. of 2.68 Tn^Sh! S^SlOO^grfms omA? 

612. 1.000 ml. NaOH o 1.342 ml. HCl 
1.000 ml. HCl =0= 0.0225 gram CaCOs 
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How ttiiicli water must be a.dded to 1,000 ml. of the sodium hydroxide 
solution to make it half normal? How much hydrochloric acid (sp. gr. 1.190, i 

containing 37.23 per cent HCl by weight) must be added to 1,000 ml. of the 
acid solution to make it half normal? 

§13. Pure dry sodium carbonate weighing 0.1042 gram is dissolved in 
50.00 ml. of 0.1024 N sulfuric acid and the solution heated to boiling to expel 
the carbon dioxide liberated by the reaction. The solution is then titi’ated 
with 0.1120 N sodium hydroxide. What volume of the base is necessary to 
neutralize the solution? 

§14. Calculate the normality of a solution of NaOH from the follovdng 
data: 

Weight of potassium acid phthalate (KliCsITiOd = 4.119 grams. 

NaOH used ~ 42.18 ml. " 

HCl used - 3.10 ml. 

1.000 ml. HCl 0.02577 gram KaO 

What volume of 2.000 N NaOH or of water sliould be added to 750 mi. of 
the NaOH in order to bring it to 0.5000 N? 

75. Calculation of Percentage Purity from Titration Values. — 

Just as the normality of a solution can be found from the volume i , 

required to react with a definite weight of substance of known 
purity, the percentage purity of a substance can be determined 
from the volume of a solution of known normality required to 
react with a definite weight of the substance. For example, one g- df 

milliliter of normal alkali solution will neutralize one milliequiva- 
lent weight in grams of any acid. If an acid is titrated with, 
normal alkali and exactly two milliliters of the latter are required, 
it follows that tioo grarn-milliequivalent weights of the acid must 
be present. If tivo milliliters of two normal alkali are required, 
theii/oi^r gram-millieqiiivalent weights of the acid must be present. 

In other words, the number of milliliters multiplied by the normal 
value' of the solution whl give the number of miliieqiiivalents (in 
.grams) of substance reacted upon. 'The number of gram-milli- 
equivalents thus found multiplied by the milliequivaleiit w-eight 
of .the substance reacted upon Avill give the number of grams of 
that : substance. If the percentage is desired, all that is necessary 
is to divide this weight by the weight of sample taken and multiply 
by lOO.: 

In general, therefore, if a substance x requires a certain number 
of milliliters of a solution s of normality iV and if e is the milli- 
equivalent weight of the substance, ■. 
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ml.j X Ns X e* = gramsi 


ml.sXNsXfix 

X 100 = per centx 

Example I.— A sample of soda ash (impure NaaCOs) is titrated 
wi a la -normal sulfuric acid. If the sample weighs 1.100 »rams 

«lut i» the percentage of Na,COa in the ash, assuming no othei 

active coropoiient to be present? 

Solution: One mOliliter of normal acid will neutralize one 

ST^OOrN'^acH^ milliliters 

(toOOO N acid iriU neutralize 35.00 X 0.5000 = 17.50 gram- 

milhequiyalent weights of any base. Since the milliequivalent 

0I0OON 000 = 0.05300, 35.00 ml of the 

U..0UUU j\ .sulfunc acid ivill react with 

35.00 X 0.5000 X 0.05300 = 0.9275 gram of NasCOs 


0.9275 


X 100 — 84.32 per cent. A/is. 


Tr,« . /! remember that the normality of a solution 

ley expresses the ratio of its concentration to that of a solu- 
tion contaming one gram-equivalent weight of solute per liter 
(*.c. a nonnal solution). Consequently, if the normahty of a 
solution is knorni, the value of a definite volume of it in terms 
of other elements, compounds, or radicals can be found directly 

Sfb If'"® solution may not be capable of reacting directiv 
vith these elements, compounds, or radicals. Thus, the weight 

of hydrogen chloride in 10.00 ml. of 0.1000 N hydrochloric acifSs 

10.00 X 0.1000 X ^ - 0.03647 gram 

The weight of silver chloride precipitated by adding an excess of 

sdver mtmtc to 10.00 ml. of 0.1000 N hydrochloric LS ie 

10.00 X 0.1000 X ^ . 0.1433 gmm 






neutralization methods 


The weight of silver sulfate equivalent to the silver in the silver 
chloride precipitated by adding an excess of silver nitrate to 
10.00 ml. of 0.1000 N hydrochloric acid is 

10.00 X 0.1000 X = 0.1559 gram 

The weight of barium in the barium sulfate obtained by adding 
an excess of barium chlo?ide to the silver sulfate above is 

1A A A A 1 AAA Ba 


= 0.1559 gram 


: 0.1000 X ■ 


= 0.06868 


In other words, as in the case of gravimetric computations, it is 
not necessary to calculate the weights of the intermediate product 
oi a reaction. From the milliequivalent weight of the substance 
required, the weight oi that substance can be determined directly. 

Example II. — Given the same conditions as in Example I, 
what would be the percentage of CO 2 in the soda ash? 

Solution : 

35.00 X O.oOOC) == 17.50 gram-milliequivalents of CO 2 

1 fr irn w GO2 ... 


17.50 X • 


0.3850 gram of CO 2 


0.3850 


X 100 = 35.00 per cent CO 2 . i 


Ex.4Mple III. — A 0.3000-gram sample of impure magnesium ox- 
ide is titrated with hydrochloric acid solution of which 3.000 nil. =cs= 
0.04503 gram CaCOs. The end point is overstepped on the ad- 
dition of 48.00 ml. of the acid, and the solution becomes neutral 
on the further addition of 2,40 ml. of 0.4000 ]M sodium hydroxide. 
W hat is the percentage of MgO in the sample? 

Solution: ■ 

1 ml. HGl — 0.01501 gram of CaCOg 


NormaBty of HCl - - 0.3000 

48.00 X 0,3000 = 14.40 milliequivalents of HCl 
2.40 X 0.4000 = 0.96 milliequivalents of XaOH 
14.40 — 0.96 = 13,44 = net milliequivaleritB 

13.44' x:MgO/2, 000 ' 

X 100 - 90.33 per .cent 'MgO. .An 


= 0.3000 


■ X 100 — 90.33 per cent MgO. 


m 


■ 


f.. 
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76. Volumetric Indirect Methods.-Instead of titrating a sub- 
btance Erectly with a standard solution, it is frequently more 
feasible to allow the substance to react with a measured mount 
of a gn-en reagent and then to titrate that part of the reagent 
left m^r froin the reaction. This is an indirect method and is 
haiaeteiized by the fact that, other factors being fixed, a greater 
re?dfno-°^ ^^**^*^ sample corresppnds to a smaller buret 

In acidimetry and alkalimetry an outstanding e.xample of an 
ndiiect method is tlm Kjeldahl method for determining nitroo-en 
ni organic matenal. The sample is digested irith concentrated 
in the presence of a catalyst and the nitrogen in the ma- 
teiial thus converted to ammonium bisulfate. The resulting solu- 

® f hberated ammonia gas 

acM ^\H rS "" vn w?*'" measured volume of standard 

remaining in the receiving 

Calculation of a volumetric indirect method is usually best made 
adder! “li^iequivalents of reagent 

the titratio/" ™^iequivalents used in 

mUliequivalents 

Eic\mple.~A sample of meat scrap weighing 2.000 grams is 
digested mth concentrated sulfuric acid and a catalyst. The re- 
sulting solution is made alkaline with NaOH and the liberated 
ammonia distilled mto 50.00 ml. of 0.6700 N HoSOi. The excess 

Wht ® ®-®^20 N NaOH for neutralization. 


Its of H 2 SO 4 = 50.00 X 0.6700 = 

its of NaOH = 30.10 X 0.6520 = 
^alents = 33.50 - 19.62 - 13.88 

process, NHg + — > NH 4 ‘^i,th 
' iNiHa/ 1,000 and that of nitrosc 


X 100 - 9.72 per cent. Ans, 
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Problems 

516. Calculate the percentage of carbon dioxide in a sample of calcium 

carbonate from the following data: 

Total volume of 0.5000 N HCl == 35.00 ml. 

Total volume of 0.1000 N NaOH = 17.50 ml. 

Weight of sample = 1.000 gram 

34.65 per cent. > 

616. Given the following data, calculate the percentage purity of a sample 

of cream of tartar (KHC4H4O0) : ' 

Weight of sample = 2.527 grams 
NaOH solution used = 25.87 ml. 
lioSO.! solution used = 1.27 ml. 

1.000 mi. of Ii 2 S 04 = 0 : 1.120 ml of KaOH 

1.000 ml. of H 2 SO 4 = 2 . 0.02940 gram CaCOg 

A?is. 95.50 per cent. ’ ’ 

617. A sample of pearl ash (technical grade of K 2 CO;i) \\'eig]iiiig 2 000 grams 
is titrated with HCl, requiring 25.00 mi. What is the alkaline stieiigth of the 
ash in terms of per cent of K.O if 20.00 ml. of the HCl will just neutralize the 
ISiHg that can be liberated from four millimoles of (NH 4 ) 2 HP 04 ? 

Am. 23.55 per cent. 

618. Calculate the percentage oi K 2 CO 3 in a sample of pearl ash from the 
following data: 

Weight of sample = 2.020 grams y 

HCl used = 49.27 ml. 

NaOH used — 2.17 ml. 

1.000 ml. HCl 0.02926 gram CaCOs 
NaOH = 0.3172 N ■ 

Am. 96.25 per cent. 

519. Given four 10.00-ml. portions of 0.1000 normal hydrochloric acid 
solution, (a) How many grams of pure sodium carbonate will be neutralized 
by one portion? (6) How many giams of K 2 O are contained in that weight 
of potassium hydi-oxide neutralized by another portion of the acid? (c) A 
sample of calcium carbonate is decomposed by a portion of the acid. Calcu- 
late the weight of CaCO, decomposed, the weight of COj liberated, and the 
weight of CaCh formed, (d) Calculate the weight of KHCA.IbC, 04 . 2 H .0 
equivalent in acid strength to a portion of the HCl. 

Ans. i a) 0.05300 gram, (b) 0.04710 gram, (c) 0.OS0O4 gram 0 02200 
gram, 0.05550 gram, (rf) 0.08473 gram. 

620. Strong KOH will liberate NHs from ammonium salts. The liberated 
ammonia can be distilled and determined by absorbing it in standard acid 
and titrating the excess acid with standard alkali. From the following data, 
calculate the percentage of NHj in a sample of impure ammonium salt: 
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Sample = 1.009 grams 
Standard acid used ~ 50.00 ml. of 0.5127 N 
Standard alkali required ~ 1.37 ml. of 0.5272 N 

Ans, 42.06 per cent. 

521. Rochelle salt is IvNaC 4 .H 4 O 6 . 4 H 2 O and on ignition is converted to 
IvNaCOs. The original sample of 0.9546 gram is ignited and the product 
titrated with sulfuric acid. From the data given, calculate the purity of the 
sample; 

H 2 SO 4 used — 41.72 ml. 

10.27 mi. H 2 SO 4 = 0 = 10.35 ml. NaOH 
NaOH = 0.1297 N 

NaOlI used in titrating excess acid = 1.91 ml. 

76,95 per cent. 

522. A sample of zinc oxide is digested with 50.00 ml. of normal sulfuric 
acid. The excess acid is titrated with 2.96 mi. of 0.1372 normal alkali. The 
weight of sample is 2.020 grams. Calculate the percentage of purity of the 
sample. 

A 71 S. 99.89 per cent. 

623. If all of the nitrogen in 10.00 millimoles of urea, CO(NH 2 ) 2 , is converted 
by concentrated H2SO4 into ammonium bisulfate and if, with excess NaOH, 
the KH 3 is liberated and caught in 50.00 ml. of HCl (1.000 ml. = 2 * 0.03000 gram 
CaCO;{), how much NaOH solution (1.000 ml. 0.03465 gram H 2 C 2 O 4 . 2 H 2 O) 
%vould be requii-ed to complete the titration? 

18.18 ml. 

524. The percentage of protein in meat products is determined by multi- 
plying the percentage of nitrogen as determined by the Kjeldahl method by 
the arbitrary factor 6.25. A sample of dried meat scrap weighing 2.000 grams 
is digested vith concentrated H 2 SO 4 and mercury (catalyst) until the nitrogen 
present has been converted to ammonium bisulfate. This is treated with 
excess NaOH and the liberated NH3 caught in a 50-ml. pipetful of H2SO4 
(1.000 ml. =2=0.01860 gram Na^O). The excess acid requires 28.80 ml. of 
NaOH (l.OOO ml. =c= 0.1266 gram potassium acid phthalate, KHC 8 H 4 O 4 ). 
Calculate the percentage of protein in the meat scrap. 

53.11 per cent. 

625. A sample of milk weighing 5.00 grams is digested with eoiic!eiitrated 
H2BO4 (plus a, catalyst) which converts the protein nitrogen in the milk to 
ammonium bisulfate. Excess NaOH is added and the liberated NHs is evolved 
and caught in 25.0 ml. of dilute H2SO4. The excess acid then requires 28.2 ml 
of NaOH of which 31.0 ml. are equivalent to 25.8 ml. of the dilute H 2 SO 4 . 

The acid and base are standardized by evolving the NHs from 1,00 gram of 
pure NH 4 CI; passing it into 25.0 ml, of the above dilute H<)S 04 and titrating 
the excess acid with the above NaOH, A volume of 11.3 ml, of the NjiOH is 
required. 



r 




r 
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i 

The ai-bitrary factor for converting nitrogen in milk and miUc products to 

■ ! i 

iiil 

1 

proteiB IS 6.38. Calculate the percentage of protein in. the above sample of 
milk. 

1 


I 

Ans. 3.30 per cent. 


Hit 


826. Prom the following data, calculate the percentage purity of a .sample 

'i. 



ofKHSO.: * ‘ 


iiliiS 

! 

1.000 mi. IICI =C= 1.206 ml. jSfaOH 


iliil 

j' 

1.000 ml. HCl = 0 = 0.02198 gram Xa.CO, 




Sample = 1.2118 grams 

HCl used — 1.53 ml. 



1 

NaOH used ~ 26.28 ml,. 


illlll 


527. A sample of Hochelle salt (KHaC 4 H[ 406 . 4 Il 20 ), after ignition in 


lliilll 

i 

I', 

platinum to convert it to the double carbonate, is titrated with sulfuric acid 

: 

lllilll 

i 

methyl orange being employed as an indicator. From the following data' 


llllii; 


calculate the percentage purity of the sample: 

- 1 

lliill; 


Weight of sample ~ 0.9500 gram 


i|j|l 


H 2 SO 4 used = 43.65 ml. 


lliii: 


NaOH used = 1.72 ml. 

^ t 

lliiiiii' 

1 

1.000 ml. H 2 SO 4 1.064 ml. KaOH 


Hill 


NaOH= 0.1321 N 

: ? :i! 



528. A sample of milk of magnesia [suspension of Mg(OH) 2 ) weighing o.OOO 

■' 

lilllili 

! 

grams is titrated with standard HNO 3 , requiring 40.10 ml. What is the per- 

^ ill 

Hill' 


centage of MgO in the sample if 20.11 ml. of the HNO 3 will just iieiitrali:?e the 


ill'iSS;'" 

III 


NHa that can be liberated from five millimoles of (NH 4 )sAs 04 . 5 H 20 ? 

lil: 

i" 

529. The saponijlcatmi niimher of a fat or oil is defined as the number 


liiillS' 


of milligrams of potassium hydroxide required to saponify one gram of the 



: 

fat or oil. To a sample of butter weighing 2.010 grams are added 25.00 mi. 

. 

' if' 



oi 0,4900 N KOH solution. After saponification is complete, 8.13 ml of 

■ „ i 

lliii 


0.5000 N HCl solution are found to be required to neutralize the excess alkali. 

i: 1 

ilili' 


What is the saponification number of the butter? 

■ ’ 1 

liliil 

5 

530. Samples of oxalic? acid mixed wdth inert matter are given out for 

' ' 1'’ 


i 

student analysis to determine by acidimetric titration the acid strength in 

!■ ’ 

iiil® 


terms oi percentage H 2 C 2 O 4 . 2 FI 2 O. Howwer, a sample of pure potassium 


Pill 

1 

acid tartrate KHC 4 H 4 O 6 , is included among the samples. What percentage 

; 

Ipii"" 


of H 2 C 2 O 4 . 2 H 2 O would the student report in tins case? 

■ ' ' 1 ^ 



^ 531. A sample of vinegar w'eighing 10.52 grams is titrated with standard 




NaOH. The end point is overstepped, and the solution is titrated back with 




standard HCL From the following data, calculate the acidity^ of the vinegar 

' ' f "iM 



in terms of percentage of acetic acid (HGaHsOs) ; 




NaOH used *= 19.03 ml ' 




HCl used * 1.50 ml. 


\ ' 


1.000 ml. HCl = 0 : 0.02500 gram NaaCOs 




LOGO ml NaOH 0 0.06050 gram benzoic acid (CgHfcCOOH) 

" • ' 












■Ijllllllllllllll 

■■ 
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532, The arbitrary faetor 6.25 is used by agricultural chemists to convert 
percentages of nitrogen in meat products to percentages of protein. A sample 
of dried pork scrap is sold under a guarantee of a minimum of 70.00 per cent 
protein. A one-gram sample is digested with sulfuric acid and a catalyst, 
wliich converts all the nitrogen to ammonium bisuifate. Treated with excess 
NaOH, the ammonia is liberated and caught in a 25-ml. pipetful of Hi!S 04 
(1.000 ml. 0.02650 gram Na 2 C 03 ). What is the maximum volume of 
0.5110 N NaOn required to titrate the excess acid if the sample conforms to 
the guarantee? 

77. Problems in Which the Volume of Titrating Solution Bears 
a Given Relation to the Percentage. — In commercial laboratories 
^Yhere many similar tit]*ations are made each clay, it is often con- 
venient to simplify computation by taking each time for analysis 
a weight of sample such that the volume of standard solution 
used will bear some simple relation to the percentage of desired 
constituent. The advantages derived from such a procedure are 
the same as those discussed in Sec. 55, and the computations in- 
volved are similar in principle. In the ^^olulnetric problem, it is 
also possible to hx the wxdght of sample and determine the nor- 
mality of the titrating solution wliich must be used to fulfill a 
similar condition, although this type of problem is less often met 
with in practice. It is easier in practical w'ork to vary a sample 
weight than it is to vary a solution concentration. In either case, 
however, the required \veight of sample or normality of solution 
is best found by directly applying the formula previousty de- 


ml.s X N . , X Cx 
Weight of sample 


X 100 “ per eentx 


In this type of problem, it will ahvays be found that, of the five 
factors involved, tw-o will be known and a ratio will be given bo- 
twx‘en two others, thus making possible the determination of the 
fifth factor. 

Example. — IMiat weight of soda ash should be taken for analy- 
sis such that the percentage of Na 20 present may be found by 
multiplying 2 the number of milliliters of 0.2000 X acid solu- 
tion used ill the titration? 

Solution: , ■ ■ 

ml ., 9 X INIs X €x . > 1 AA X 

„ . ^ 100 = per centa; ■ ' 

Weight or sample 
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Ib the problem' giveiij Ns and ex are kno-vsni. A relation also exists 
between the mL ' and the per cent whereby 


Upon s'libstitiition, 


ml. X 2 = per cent 


mis X 0.2000 X Na2O/2,Q00 


Weight of sample 
0.2QQQ X 62.05/2,0 00 
Weight of sample 

Weight of sample 


X 100 = ml.g X 2 


X 100 - 2 

0.3100 gram. Ans. 


The same precautions should be taken in solving this t 3 rpe of 
problem as were emphasized in the examples in Sec. 55, namely, 
that a numerical difference exists between a statement such as 
^4he number of milliliters is three times the per cent/^ and the 
statement ^Hhe per cent is found b}^ multiplying the number of 
milliliters by 3.^^ Thus, in the above example, the weight of soda 
ash to be taken so that each milMUter of 0.2000 N acid shall equal 
14 of I per cent of Na 20 is found as follows: 

1 X 0.2000 X 0.Q31Q0 .. ^ 1 

Weight of sample 2 

Weight of sample = 1.240 grams. Ans, 

Problems 

533. A sample of oxalic acid is to be anahzed by titrating mth a solution 
of NaOH that is 0.1000 N. What weight of sample should be taken so that 
each milliliter of NaOH will represent of 1 pcr cent of H2C2O4.2H2O? 

Alls, i.261 grams, 

634, In the analysis of oxalic acid using a one-gram sample, what must be 
the normality of the alkali used for titration so that the buret reading will 
ecfuai one-half the percentage of H2C2O4.2H2O? 

: 'Ans: 0.3173 N. 

536. In the anatysis of a sample of soda ash, what weight of sample should 
be taken so that the volume in inilliHters of 0.4205 normal acid required for 
complete neutralization and the percentage of Na2C03 in the sample wilt be 
in the respective ratio of 8: 17? 

. , Ans. ; 1.049 grams. 


. , . 636., A, sample of a, certain acid weighed 0.8260 gram and was titrated" with 
0.2000 N alkali. After the purity of the. sample was calculated in terms of the 
percentage , of constituent' A,.. it was found that, the 'percentage obtained . was 
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Just equal to the equivalent weight of A as an acid. What volume of titrating 
solution was used? ^ 

A>!.s. 41.25 ml. 

o37. A sample of limestone is titrated for its value as a neutralizing agent. 
A one-gram sample i.s always taken. What must be the normality of the 
titrating acid so that every 10 ml. will repre-sent AH per cent of the neutral- 
izing value expressed in terms of percentage CaO? 

Am. 0.1605 N. 

538. Samples of pickling solution are to be analyzed volumetrically for 
acidiTy, and results are to be expressed in terms of milliliters H0SO4 (sp gr 
1^4, contaimng 95.60 per cent by weight). The specific gravity of 

/ solution is 1.270, and a 25-ml. pipetful is taken for analy.sis. 

\a) ^ mt must be the normality of the standard alkali so that each milliliter 
used Will represent 0.100 ml. of the H,S04? (6) So that eveiy 10.0 ml. will 
lepresent 1.00 per cent of pure H 2 SO 4 ? 

Ans. (a) 3.59 jST. (h) 0.647 N. 

n ^onn v ^ analysis so that by msing 

Vr n ff\ fi °’^^'*^^ating (a) the buret reading will equ.al the percentage of 
M 1 : V reading will equal the percentage of NaA 

i TV- r i'epresent 1 per cent NaoO, (fi) each milliliter will represent 
pe ceni .MasU, [e) the buret reading and the percentage of NabO will be in 

the respective ratio of 2:3? 

(e)1^033 <nLif 

eight of caicite (impure CaCOs) should be taken for analysis 
iC 1 1 « percentage of Ca in the sample? 

R 7mi *’*''*^*“" HNO, of which 2.00 ml. o l.OO ml. 

a(01I)2 solution o 0.0400 gram potassium acid phthalate (KHCgHA). 

(technical Na^cO*) should be taken for 
tl™ ^ n rvhen titrated with HCl [1.00 ml. 2.00 ml. Ba(0H)s solu- 

f R KHC,04.H,CA.2H.0] the buret reading wiU be three- 

quaruCLs of the percentage of Na 20 in the ash? 

542.^ In the standardization of an acid, it was titrated against 1.000 gram 

1 Aro,,"r "f'r nrl. of HCl were added! 

; ^ isydved, and the excess acid titrated with 5.21 ml. of XaOil 

t' r 4^°°° "’“Silt of crude 

this HCl will 

the^S-'enLbt?!i^‘t^i°^ ^“'ly^is, what must be 

t e neriSu “ “'der tliat the buret reading will indicate twice 

Uie percentage of K-O iii the sample? 

comtttrateifH'lo “ ®“P^® mtrogenous organic matter is digested with 
convmS ta VTT a catalyst until the nitrogen in the sample has been 
conveited to ^H,H^504. By adding excess NaOH, NHs is liberated and is 
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completely caught in a cold 5 per cent solution of boric acid. It is then 
titrated directly with standard HCL What must be the value of each milliliter 
of the acid in terms of pure NaoCOs if the buret reading is 2}4 times the per- 
centage of nitrogen. i.n, the material? 

546. A., sample of quicklime is to be analyzed for CaO and CaCO-i by 
titrating with 0.3572 ,N liCl. It is desired to start with a 10.0-graiii sample, 
mix with water, dilute, and take aliquot portions of su,ch size (a) that wlien 
titrated with HCl [pheriolphthalein being used as an indicator, in, whicli case 
only the Ca(OH )‘2 is neutralized] the number of miliilite.rs will represent di,rectly 
the percentage of CaO and (b) that, when titrated by adding an excess of HCl, 
heating, and titrating back wi,th NaOH of the same normality as tlie HCl, 
the net number of milliliters of HCl used will represent directly the percentage 
of total calcium in terms of CaO. What portions should be taken? 


78. Determination of the Proportion in Which Components Are 
Present in a Pure Mixture. — Problems involving the deteniiiiia- 
tioii from titration values of the proportion in which ►components 
are present in a pure mixture are identical in principle Avitli the 
so-called double chloride problems of gravimetric analysis (see 
Sec. .57 j Example II), and the same algebraic method of solution 
may conveniently be used. The same type of analysis may be 
applied eciiially Avell to methods of oxidation and reduction. 

As shown in Sec. 57, the precision of the result of an analA^sis 
of this type is usually less than that of the data given, and there 
is often a decrease in the number of significant figures that may 
proper!}^ be retained in the numerical ansv^er. 

Exl^mple. — I f 0.5000 gram of a mixture of calcium carbonate 
and barium carbonate requires 30.00 ml. of 0.2500 N hydroeliloric 
acid solution for neutralization, what is the percentage of each 
component?' 

Solution: 

Let a* = number of grams of CaCOs 
y = number of grams of BaCCh 

Tlie,ri . 

' (1) a: + 1/ - 0.5000- 

Number of gram-m,illiequivalents of 'GaGOg present - ' 

X s 

-.CaCOsAOOO 0.0^ 

'Number: of ,gTam..--miIlieqiiivalents of BaCOs present = ■ ; 

I/' u,' 

■-.'BaCOsAOOO"-;: 0.09869 ■' 
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Number of gram-milliequivalents of HCI used = 30.00 X 0.2500 
Therefore 


' ' 0.05004 ^ 0.09869 ^ 

Solving equations ( 1 ) and ( 2 ) simiiitaneously 


Percentage of CaCOs 


X 100 = 50.6 per cent 


79. Analysis of Fuming Sulfuric Acid. Case xl.—An irnportant 
titration is that involved in the analysiKS of fuming sulfuric acid 
(oleum). This substance may be considered to be a solution of 
sulfur trioxide, SOg, in hydrogen sulfate, H2SO4, and when no 
other component is present, the anal^^sis is made by dissolving 
a weighed sample in water and titrating with standard alkali. 

Example I. — A sample of fuming sulfuric acid weighing 1.000 
gram when dissolved in water requires 21.41 ml. of 1.000 N NaOH 
solution for neutralization. What is the percentage of each com- 
ponent? 

Solution: 

Method L — Since fuming sulfuric acid is a mixture of two pure 
components, the problem can be solved by the method of the 
preceding section. 

Let X = weight of free SO 3 
y ^ weight of H 2 S ()4 
X + y ^ 1.000 


803/2,000^142804/2,000"" / 

When the simultaneous equations are solved, 

;r - 0.222, gram SO3, = 22.2 per cent 1 4 , / / 

, . , 1 / = 0.778 gram H2SO4 = 77..8 per cent j . ■ 

: Method II . — In dissolving the ^ oleum, the SO3 unites with part 
of, the water .to form .'H2SO4. If the total :percentage of acid is 
computed in terms of H2SO4, the following result is obtained: 
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21,41 X 1 .000 X H2S04/2,000 
1.000 


X 100 = 105.0 per cent 


Since, in the original nnixture, SO, + H2SO4 = 100.00 per cent, 
the difference of 5.0 per cent is caused by the water which has 
combined mth the SO3. The SO3 and H2O combine mole for 
mole. 

SO 

5-0 X = percentage of SO3 


= 22.2 per cent SO3 | 

100.0 - 22.2 = 77.8 per cent H2SO4 / 

Method III.~ In dissolving the oleum, the free SO3 unites with 
water to form H2SO4 (SO3 + H2O — » H2SO4). The percentage of 
total SO3 (combined and free) in the original solution is found 
as follows: 


21.41 X 1.000 X 803/2,0 00 
1.000 


X 100 = 85.70 per cent 


Since the original solution consisted of free SO3, combined SOs, 
and combined H2O, the percentage of combined H2O in the solu- 
tion is 100.00 - 85.70 = 14.30 per cent. 

Percentage of original H2SO4 = 14.30 X 

lri20 

= 77.8 per cent ^ 

Percentage of free SO3 = 22.2 per cent J 

Case B.—Fuming sulfuric acid often contains amounts 

of VSO2 wMch with water forms H2SO3 and is included in the alkali 
titration: 

H 2 SO 3 + 20H- 80.3=- + 2 H 2 O 

This is when phenolphthalein is used as the indicator. With 
methyl orange, the color change takes place at the bisiiliite stage : 

H2SO3 + OH- HSOs- + H2O 

In case SO2 is present, its amount is usually determined in a 
separate sample by titration with a standard oxidizing agent, and 
the other components are then computed from the alkali titra- 
tion values in the usual way, with a correction for the volume of 

.alkali used) by 'the SO2. . ■ . . '■ 
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Example II. — sample of fuming sulfuric acid containing 
H 2 SO 4 J SO3, and SO 2 weighs 1.000 gram and is found to require 
23.47 ml. of 1.000 alkali for neutralization (phenolphthalein as 
indicator). A separate sample shows the presence of l.oO per 
cent SOo. Find the percentages of SO3 and H2SO4. 

Solution: 

A f|1 iifl 

Volume of alkali used by SO 2 - f 'Q^''' x ’" go “^ "q o Q ~ 

Volume of alkali used for H2SO4 + SO3 = 23.47 — 0.47 = 23.00 ml. 
Percentage of H2SO4 + SO3 = 100.00 - 1.50 == 98.50 per cent 

Let .T == weight of SO 3 
y - weight of HsSOi 
x + y — 0.9850 

SOs/2,000 H2S04/2,000 "" ^ 

Solving,, 

X = 0.635 gram SO 3 = 63.5 per cent ^ 

y = 0.350 gram H2SO4 = 35.0 per cent j 

Problems 

546. A mixture consisting entirely of litliium carbonate and barium 
carbonate weighs 1.000 gram and requires 15.00 ml. of N HCl for neutraliza- 
tion. Calculate the percentage of BaCOs in the sample. 

Ans. 71.2 per cent. 

647. A mixture of pure lithium carbonate and pure strontium carbonate 
weighs 0.52S0 gram and requires 39.82 ml. of 0.5060 N acid for neutralization. 
What is tlie percentage of LuO and SrO in the sample? 

Alls. Li-O = 16.3 per cent, SrO = 41.8 per cent, 

548. V1ia,t weight of barium carbonate must be added to 1.000 gram of 
lithium carbonate so that the mixture will require the same volume of standard 
acid for neutralization as would the same weight of pure calcium carbonate? 
Ans. 0.716 gram. 

649. A half-gram sample of a mixture of pure CaCOg and pure SrCOg 
requires 30.00 ml. of 0.2726 N sulfuric acid for neutralization. (V?) What 
would be tlie loss in weight of the original sample on strong ignition? (6) Cal- 
culate the combined weight of CaS04 and SrS04 obtained above, (c) What is 
the weight of CaCOs in the original sample? 

Am (a) 0.180 gram. (6) 0.647 gram, (c) 0.218 gram. 

660. The combined weight of LiOH, KOH, and Ba(OH)2 in a mixture is 
0.5000 gram, and 25.44 ml of 0.5000 N acid are required for neutralization . 
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The same amount of material with CO 2 gives a precipitate of BaCO?, that when 
filtered is found to require 5.27 ml. of the above acid for neiitraiizatioin 
Calculate the weights of LiOH, KOH, and Ba(OH);j in the original sample. 

A71S. LiOH - 0.217 gram, KOH = 0.0567 gram, Ba(OH)2 - 0.226 gram. 

551. A sample of fuming sulfuric acid, containing no SO 2 or other impurity, 
on titration is found to contain 108.5 per cent acid expressed in terms of H 2 SO 4 . 
Calculate the percentage of free SO3 in the sample. 

37.8 per cent. 

552. A sample of fuming sulfuric acid containing only SO;;; and H 2 SO 4 
is titrated, and the percentage of total SO3 (free and combined) is found to be 
84.00 per cent. 'What is the percentage of ILSO/, in the original sample? 

87.1 per cent. 

553. A sample of fuming sulfuric acid containing only SO 3 and H 2 SO 4 
weighs 1.4000 grams and requires 36.10 ml. of 0.8050 normal NaOH for 
neutralization. What is the percentage of each constituent in the sample? 

Ans. 91.98 per cent H 0 SO 4 , 8.02 per cent SO 3 , 

554. A solution of SO 3 in H 2 SO 4 requires 65.10 mi. of 0.9000 normal alkali 
for the titration of a sample weighing 2.604 graims. What is the proportion 
by weight of free SO3 to H 2 SO 4 in the sample? 

'Ana. 0.850. 

555. A sample of fuming sulfuric acid consisting of a solution of SOs and 
SO 2 in H 2 SO 4 is found to contain 2.06 per cent SO 2 . A sample weighing 1.500 
grams requires 21.64 mi. of 1.500 N KOH w^hen phenolphthalein is used as the 
indicator. What are the percentages of free SO 3 and H 2 SO 4 in the sample? 

Ana. 22.4 per cent free SOs, 75.6 per cent H 2 SO 4 . 


556. A mixture of pure sodium carbonate and pure barium carbonate 
weighing 0.2000 gram requires 30,00 ml. of 0.1000 N acid for complete 
neutralization. WAiat is the percentage of each constituent in the mixture? 

, 657. A sample supposed to be pure calcium carbonate is used to standardize 
a solution of HGL The substance really w^as a mixture of M'gCOs and BaCOs, 
but the standardization was correct in spite of the erroneous assumption. 
Find the percentage of MgO in the original powder. 

■ 658. A, mixture of BaCOs and CaCOs weighs 0.5000 gram. The, mixture 
is: titrated wdth HCl, requiring 12.90 ml. From the following data, calculate 
the percentage of barium in the mixture: 

30.40 ml. HCl = 0 = 45.60 ml. NaOH 
2,000 ml of NaOH will neutralize 0.07460 gram of NaHC204 

■ :,559.. Glacial acetic acid' often consists of '.a'mxture of two acids, , namely,, 
pure acetic acid, IiC 2 H 302 or CH3COOH, and ■'a small amount of acetic an- 
hydride, (CH8C0)20. When dissolved in water, the anhydride forms acetic 
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acid: (CH,C0),0 + H,0 -> 2 CH 3 COOH. A sample of the original substance 
weighing A grams is dissolved in water and requires B ml. of C normal NaOIi 
for neutralization. Set up an expression showing how the percentage of acetic 
anhydride in the sample can be determined from this single titration Express 
clearly the correct milliequivalents involved. 

660 . A sample of P2O5 is known to contain H3PO4 as its only impuritv 

container, the container is opened under water 

( 2 U 6 oi± 2 U — » 2 il 3 P 04 ) and the solution is titrated with standard NaOH 
to form Na 2 liP 04 at the end point. If A ml. of B normal NaOH were used 
set up an expression to show how the number of grams of P 2 O 5 in the orio-inal 
mixture could be determined. Express all milliequivalent w^eights. 

661. The titration of a sample of fuming sulfuric acid containing no SO. 
shows the presence of an equivalent of 109.22 per cent IioS 04 . Calculate 
the percentage composition of the sample and the percentage of combined SO3. 

XT oleum weighing 1.762 grams requires 42.80 ml. of 0.8905 

IN NaOH lor neutralization. Calculate the proportion by weight of free SO-i 
to conibmed SO 3 in the sample. 

o f^^i’ and H 2 SO 4 contains 91.18 per cent of total SO 3 

Calculate the volume of hah-normal aUcali required to titrate a solution of 
l.OoO glams oi the nuxture. What is the percentage of free SO 3 in the mix- 
ture? _ ^^ hat IS the equivalent of the mixture in terms of aqueous sulfuric acid 
coutairimg S3.19 per cent H 2 SO 4 ? 

664. A mixture oi pure acetic acid and acetic anhydride is dissolved in 
«jater and titrated with NaOH. The acidity of the sample expressed in terms 
of HC2H3O2 IS mund to be 114.0 per cent. W'hat is the composition of the 

fCH 00^0^“ H n acid: 

80 . Indicators.— An indicator is used in volumetric analysis for 
the purple of detecting the point at which a reaction is just com- 
pleted. The indicators used in acidimetry and alkalimetry are 
usually organic dyestuffs which are of one color in acid solution 
and of a distinctly different color in alkaline solution. They are 
usually in themselves either weak acids (e.g, phenolphthalein) or 
weak bases (e.g., methyl orange), and the change in color that they 
undergo can be attributed to the fact that the arrangement of 
the atoms m their molecules is somewhat different from the ar- 
rangement of the atoms in the molecules of their corresponding salts. 

acid indicator of the general formula 
ax. ihis acid ionizes as follows: HX H+ -f X-. The undis- 
sociated molecule HX is, for example, colorless; the ion X' is 
colored, usually because of a rearrangement of atoms to form a 
qumoid structure. In water solution the ionization of the acid 
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is SO slight that the color of the ion is too faint to be seen. The 
addition of an alkaline substance to the solution, however, by 
leacting with the hydrogen ion, displaces the above equilibrium 
to the right and increases the concentration of the X- ion to the 
point wheie its color becomes visible. The ionization constant of 

the above indicator is as follows: = k, and is called an 

indicator constant. If it is assumed that with this type of indicator 
a titration is stopped when one half of the un-ionized molecules 
have beeri converted by a base to the colored ionic form, then 
[HX] = [X-] and the indicator constant is equal to the hydrogen- 
ion concentration of the solution at the end point. 

Sunilarly, a weak basic indicator of the general formula XOH 
ionizes as follows: XOH ?r± X+ + OH-, and the ionization constant 


(= indicator constant) is ■ 


^ = jv. In water solution the 

color of the XOH molecule predominates, but the addition of acid 
increases the concentration of the X- form and the color changes. 
If it is assumed that the color change is seen when three-fourths 
of XOH has been converted to X-, then the hydroxyl-ion con- 
centration at the end point is equal to 

ith a given concentration of indicator, the color change takes 
place at a point where the hydrogen-ion or the hydroxyl-ion con- 
centration in the solution has attained a definite value that is 
characteristic of the indicator in question. Thus, a solution con- 
taining about 0.001 per cent of phenolphthalein turns from color- 
less to pmk when the hydroxyl-ion concentration has attained the 
value of about 1 X 10-® mole per liter, and the corresponding hy- 
drogen-ion concentration has therefore been reduced to about 
1 X 10-» mole per liter (pH = 9). Figure 2 shmvs the approximate 
hydrogen-ion and hydroxyl-ion concentrations at which dilute 
solutions of the common indicators change color. It will be noted 
that on this chart each color change is spread over a certain range 
of pH values. Each indicator may be said to have a “range of 
doubt” over which the transition in shade of color is gradual- 
the average analyst might stop a titration anyivhere within the 
range in question. 

^ 81. Equivalence Point— The equivalence point in any titration 
IS the point where the amount of titrating solution added is 


; ‘ mm 

r ! fin 
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chemically equivalent to the amount of substance being titrated; 
the analyst attempts to make the end point (he., the point where 
the indicator changes color) coincide s^ith this. In an acidimetric 
or alkahmetric titration the equivalence point i.s not necessarily 
the same as the neutral- point (pH = 7). For example, in the 
titration of acetic acid with sodium hydroxide, when the latter 
has been added in an amount equivalent to the former, the 
acidity ot the solution is the same as that resulting irom dissolving 
the corresponding amount of sodium acetate in water. Such a 
solution is basic owing to hydrolysis of the salt. Similarly, in 
the titration ot a weak base with 3' strong acid, the equivalence 
point is at a point where the solution is slightly acidic (pH < 7). 

Other conditions being equal, the correct indicator for a given 
titration is one of which the color change takes place when the 
solution has that pH value which exists in a solution obtained by 
dissolving in the same ^-olume of water the salt formed by the 
neutralization. In other words, an mdicator should be chosen 
that will change color at a pH Amlue approximately equal to the 
pH vmlue at the equivalence point. Just Iioav that pH value can 
be determined is shown in the following section. 

82. Determination of pH Value at the Equivalent Point.— In 
the follomng discussion, let us consider four general types of acidi- 
metric titrations: 

A . Titration of a strong acid Avith a strong base, or vice versa 

B. Titration of a Aveak acid AA’ith a strong base 

C. Titration of a AA eak base AAnth a strong acid 

D. Titration of a Ave.ak acid AAoth a AA'eak base, or vice v’ersa 

Let us also make use of the following symbols: 

pH = log = --log IH+3 
POH = log = -log [OH-] 

Kw = ion-product constant of AA^ter = [H+][OH~] = 1.0 X 
10-w (at 25°C.) 

pW = log 1 ^, = -log Kw = 14.0 (at 25°C.) 


Ka = ionization constant of the Aveak acid being titrated = 
[H+][X-]/[HX] 
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Case A . — Twenty milliliters N/2 HCl diluted to 100 ml. mtli 
water and titrated with N/2 NaOH. 

At the beginning of the titration^ [H+] = 20 X ■ mole per 
100 ml. = 0.10 molar. Therefore pH = 1.0. As the titration pro- 
gresses., the' hydrogen-ion concentration decreases (pH increases), 
and as the equivalence point is approached the change becomes 
very rapid. At the equivalence point, the solution contains only 
sodium chloride dissolved in water, and, since there is no appre- 
ciable hydrolysis, pH = 7.0. Beyond the equivalence point, the 
solution is basic and the pH value rapidly drops to about 12. 
The graph for this titration, in which buret readings are plotted 
against corresponding pH values, is shown in Fig. 3, curve (A) (A). 
At the right of the figure are shovm the approximate pH values 


r 
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at which four of the common indicators (phenolphthalein, brom- 
thymol blue, methyl red, and methyl orange) change color. So far 
as the titration of a strong acid [curve (.4) (A)] or the titration 
of a strong base [curve {B) (5)] is concerned, it is .seen that not 
only is the equivalence point at pH = 7.0, but near the equiva- 
lence point the change in pH is so rapid that any indicator chang- 
ing color between about pH = 3 and pH = 11 should be suitable. 
In othei wolds, in titrations ol strong acids with strong bases, 
and vice versa, although an indicator changing at pH = 7 is in- 
dicated (e.gr., bromthymol blue), yet the error involved in the 
use of such indicators as phenolphthalein or methyl orange is 
negligible being usually within the error of reading a buret. 

Case 5.— Twenty millilitens N/2 acetic acid (HC2H3O2) diluted 
to 100 ml. and titrated with N/2 NaOH. 

At the beginning of the titration, the pH value is approximately 
3. 4 his can be calculated from the ionization constant of acetic 
acid, Ka = 1.86 X 10~®, thus: 


HC 2 H 3 O 2 H+ -h C 2 H 302 ~ 
[H+][C2H302-] _ , 

[HC 2 H 3 O 2 ] - Ka - ^-86 > 

(0.10 - x) "" ^ 

a: = 1.36 X 10-» = [H+] 

.X , 1 


Ka = 1.86 X 10-“ 


■ = 1.86 X 10-^ 


: loP' 

*= 1.36 X 10-^ 


At the equivalence point, the pH value of the solution can be 
calculated from the following formula (which is general for titra- 

tions of this type) : 


pH = I pW -f I pA + I log C 


This may be derived by considering the numerical equilibrium 
relationships at the equivalence point in the titration just cited. 
The .salt, sodium acetate, formed at the equivalence point at con- 
centration C, hydrolyzes as follows: 

NaCsHsOa + H 2 O HC 2 H 3 O 2 ■+ NaOH 


C 2 H 3 O 2 - + H 2 O ?:± PICaHsOa -f- OH" 


~ ‘ 


1 





or 
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The mass-action expression for this hydrolysis is 


but 

and 


. . [HC2H302][0H-] 

^ ’ [C 2 H 3 O 2 -] “ 

(2) [H+][OH-] = Kw 

m [H+][C2Hs02-] _ 
[HC2H3O2] 


Dividing (2) by (3) gives (1) 

[HC2H302][0H-] Kw 
[C2H3O2-] ^-Ka 

but, as seen from the above hydi-olysis equilibrium, 
[HC 2 H 3 O 2 ] = [0H-] 

and, if the extent of hydrolysis is not too great, 
[C 2 H 302 ~] = C (approx.) 

therefore, 

, Kw 


[OB-f = C 


Ka 


[0H-] 

[H+] 




Kw 

[OH-] 

Kw 


Kw 

Ka 


, Kw 
Ka 

pH = —[log Kw — Q /2 log C J /2 log Kw — 3^ log Ka)] 

= - 34 log Kw - 34 log Ka + 34 log C 
= pW + 34 pA -f 34 log C 

In the case at hand, we have Kw = 1.0 X lO-^'*, Ka = 1.S6 X 10-^ 
and ’ ’ 

0.010 mole NaC 2 H 302 „ „„„„ 

^ 5r ,B. solution - 

pH.l|» + «+(zm = 8.83 

This is point C on the titration cmwe (C) (C). 
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The common indicator that changes color at approximately this 
point is phenolphthalein and is the indicator suitable for the titra- 
tion. As seen from the titration graph, the use of an indicator 
like methyl orange would give erroneous results. 

Case C.— Twenty milliliters of N/2 NH 4 OH diluted to lOO ml. 
and titrated with N /2 HCl. 

At the beginning of the titration, pH = 11.1, as calculated from 
the ionization constant of NH 4 OH (Kb = 1.75 X 10“^). At the 
equivalence point, the pH value can be calculated from the for- 
mula (which is general for titrations of this type) : 

pH = ipW-|pB-^logC 


This equation is derived from the hydrolysis constant of ammo- 
nium chloride by a method analogous to that in Case B. 

In the case at hand, we have Kw = 1.0 X Kb = L75 X 
and C = 0.0833. 



= 5.16 


4.76 (-1.08) 

2 2 


This is point D on the titration curve {!)) (D) . 

The common indicator that changes color at approximately this 
point is methyl red. As seen from the chart an indicator like phe- 
nolphthalein would give erroneous results. The change of color 
would be gradual, and the end point would occur considerably 
before the true equivalence point. 

Case D . — The titration curves for the neuti*alization of a weak 
acid like acetic acid Avith a weak base like ammonium hydroxide 
and for the neutralization of a -weak base with a weak acid are 
represented by curves, (£") (E) and (F) (F) in the accompanying 
figure. The pH wmlue at the equivalence point can be found by 
substituting in the following formula (wKich is general for titra- 
. tions of this: type) : , 

pH = |pW-l-|pA-|pB 

Such titrations are of no value in general analytical work, for, as 
seen from the chart, there is no sudden inflection of the curve 



wm 
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at the equivalence point, and no indicator has a sharp enough 

change in color to indicate the equivalence point with satisfactory 
precision. ^ 

p. Calculation of the Degree of Hydrolysis of a Salt.— Not 
only are the above formulas useful for calculating the pH value 
at the equivalence point in a given titration, but they can be used 
to calculate the approximate e.xtent of hydrolysis of a salt of a 
weak acid or of a weak base. For example, in the hydrolysis of 
sodium acetate (C2H3O2 + PI2O HC2H3O2 + OH-)', the' value 
of the concentration of OH- can be found from the pH value cal- 
culated from the appropriate formula above; the value of the con- 
centiation of acetate is that of the concentration of the salt ('C'l 
in the formula. The ratio of [OH-] to [C^hHO^-] indicates the 
degree of hydrolysis of the salt. 

Ex. 4 mple.— W hat is the percentage hydrolysis of a 0.0010 molar 
solution of NH4CI (NH4+ + H2O NH4OH + H+)? 

Solution; 

pH= i^pW- i^pB- J^logC 
where pW = 14 

pB = - log KumoH = - log 1.75 X 10-« 

„ , . C = 0.0010 


Solving, 


pH = 6.12 


7.6 X lO-'f 


[H+] = log ~ = 7.6 X lO-'f 
[NH4+] = 0.0010 

Percentage hydi-olysis = x 100 = 0.076 per cent. Ans. 

Problems 

566. WFat is the pH value of a solution that at 2S'’C. has a hvdroxvl inn 
concentration oi 4.2 X 10-? What color would be given to tL sohition bv 
a chop of methyl orange? Of thymol blue? 

A.U8. 6.62, \ ellow. Yellow. 

has®? pOntate^of solution that at 25»C. 

a puil value of 8.8o? l^ hat common indicator would chance color -u 
approximately tills concentration? oum cnange color at 

Ans. 7.08X10-8. Methyl red. 

667. A certain weak monobasic acid is colorless in acid solution and blue in 

.llaa,. saufon. Hat the bl„ i, 
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indicator has been converted to ions and that at this point the pOIi value of 
the solution is 3.6^ what is the indicator constant of the indicator? 

Ans. 2.7 X 

568. A certain weak monobasic acid has an ionization constant of 
2.0 X 10"'^. If 1/100 mole is dissolved in water and the solution diluted to 
200 ml. and titrated with 0.250 N NaOH, calculate the pH value of the solu- 
tion at the following points: (a) the original solution, (b) one-fifth of the way 
to the equivalence point, {c} at the equivalence point. 

Ans, (a) 2.50, (h) 3.10, (c) 8.16. 

569. What is the pH value of a 0.0100 molar solution of KCK? Of NH4CI? 
What common indicator is therefore suitable for the titration with HCi of a 
solution approximately N /lOO in NH4OH? 

Ans. 10.57. 5.62, Methyl red. 

570. What is the percentage hydrolysis at 25®C. in a 0.0050 nioia-r solution 
of potassium acetate? 

Ans. 0.032 per cent. 

671. What are the pH value and the percentage hydrolysis at 25°C. in a 
0.010 molar solution of sodium formate (Khcho 2 = 2.1 X 10“'^)? 

Ans. 7.84, 0.0069 per cent. 

672. What is the percentage hydrolysis at 25°C. in a 0.10 molar solution 
of NaaCOsCCOs^ + HoO HCO3- + OH")? 

Ans. 4.5 per cent. 

573. What are the pH value, the hydroxyl-ion concentration, and the per- 
centage hydrolysis at 25“C. in a 0.10 molar solution of NaCN? 

A'us. 11.07, 1,1 X 10"®, 1.1 percent. 

574, How many moles per liter of KCIO are required to give a solution 
with a hydroxyl-ion concentration of 2.0 X 10"® at 25°C.? 

Am. 1.6 X 10“®. 

§75. A sample of vinegar weighing 6.00 grams is dissolved in water, diluted 
to 50.0 ml., and titrated with 0.505 N NaOH, phenolphthalein being used. 
After 12.40 ml. of the base have been added, it is found necessary to bacik- 
titrate with 2.00 ml. of 0.606 N HCL What is the acidity of the vinegar in 
terms of percentage of acetic acid, HC2H3O2? Assuming that this is the only 
acid present in appreciable amounts in the vinegar, calculate the pH value of 
the solution at the equivalence point at the end of the above titration. Is 
phenolphthalein shown to be suitable for this titration? 

Ans. '5.05 per cent. ■ 8,82. Yes.: . 

576. If 400 ml. of a solution containing NH4OH are titrated with 0.250 N 
HCI, 40.0 ml. of the acid are required to reach the equivalence point. W'hat 
is the pH value of the solution at the start of the titration, halfway to the 
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Sw'tX !»"« «■“ '"fcto i. tta 

-4jw. 10.82,9.24,5.44. Methyl red. 

iJJJ; (HCOOH) is .a inonobasie acid that is 4.6 per rent 

lumped m tenth-mol.ar aqueous solution at 25°C. Culeuiate the 
constant of formic acid. If 50.0 ml of 0 JOO N HC’OOH n i 

0.200 N NaOH, .rZo £ “o': ei"™ 

lence point. W hat indicator is suitable for the titration''' 

Alls. 2.13 X 10--. 7.97. Cresol red. 

of wL"!?® ."°90 " “ wt,f“ •'* oo,«,,,,„a 

color at appmsimatelj- this eonccntrationt ” 

o79. What i,¥ the hydroxyl-ion concentration of a solution that at ‘’•".‘T 

has a pH value of 6.30? M'hat color n-ould be ijiven t^ he s utio iTu 
drop of Congo red? Of cresol red? ’ .'solution bj a 

680. Derive the formula pH = U pW - i nK - i ir.rv r i • i 

:Lfa:r 

pii^lPissE 

for th. ZSralSr'.9.''5;'a«*;Sir *" 

Na^?"'*'*' " ^ POfceofose hyein.J.vai,s ii, ,a aolaflon of 0.050 njoiar 

O.lOmolaHaKHCftjfoSc!? 'fflCa-'+HS'i'HSS + OH-“ 

la S'-?" Z2’ STtS r 

M NHf<5, iS;u!t> “SifSS ■“ 
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6S8. What is .the percentage hydrolysis in 0.10 M solution at 25®C. of 
(o.) NasP04(P04- + PI 2 O ?:± liPOr + OH”), (6) N-a2HP04(HP0r + H 2 O 
H2POr + OH")? 

589. A certain organic amine is a monoaeidic base like NH4OH and is 
soluble in \-\'ater. Calculate its ionization- constant from the fact that a tenth- 
molar solution of the base is 6.6 per cent ionized. What is the hj^droxyl-ion 
concentration at the equivalence point in the titration of 200 nil. of a 0.20 
molar solution of the base with 0.500 N HCl? "What indicator is suitable? 

590. A certain organic amine is a weak monoaeidic base like NH4OH. Its 
ionization constant is 1.0 X 10”’i If 100 ml, of a 0.020 molar solution is 
titrated witli 0.020 N HCl, what :1s the hydroxyl-ion concentratio'ii at the 
equivalence point? W^hich ■ of the following four indicators . would be best 
suited for the titration: methyl orange, phenolplithalein, methyl red, broiii- 
thymoi blue? Carefully sketch the titration curve (pH against ml.) and sho'w 
from it -why tlie other three indicators would not be as satisfactory. Show 
clearly the positions of pH 4, 7, and 10 on the graph. 

591. Propionic acid is a monobasic acid with, an ionization constant of 

1.6 X If 0.100 mole of the pure acid is dissolved in 100 ml. and titrated 

4.00 N NaOH, calculate the pH value (a) of the original solution, (b) of 
tlie soiiitio':n wlien the acid is two-tlnrds neutrahzed, (c) at tlie equivalence 
point. 

84. Titration of Sodium Carbonate. — In Fig. 3 (Sec. 82) curve 
(G) ((?) represents the titration of a solution of sodium carbonate 
with a lialf-normal solution of hydrochloric acid. It will be noted 
tliat there are two points of inflection. The first is at about 
pH = 9 and corresponds to the completion of the reaction 


The second is at about pPI == 4 and corresponds to the comple- 
tion of the reaction 

HC 03 -” + H’^->C02 + H20 

Pbenolphthalein should therefore indicate the conversion of sodium 
carbonate to bicarbonate, and meth 3 d orange should change color 
onlv 'when, complete neutraii25ation has taken place. Use is made 
of thi>s principle in titrations: of certain mixtures of substances as 
illustrated in the following section. 

85. Analyses Involving the Use of Two Tndicators.— The fact 
that certain indicators change, color -at different stages of a^ neu- 
tralization is sometimes made use of, in . volumetric work to deter- 
mine the proportions of the components of certain mixtures' by 
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the employment of two end points in a single titration. This 
may be brought about by means of two indicators, and the vol 
limes of titrating solution required for the respective end points 
&ve a direct measure of the amounts of substances present Only 

the two common indicators, methyl orange and phenolphthalein 
will be considered. iiicuem, 

Assume a solution to contain only sodjum hydroxide and inert 
impurities. The weight of NaOH present may be found by direct 
ti ration ^uth a standard solution of any strong acid and with 
either methyl orange or phenolphthalein as the indicator In 
either case, the color change nlll take place only when the alkali 
IS completely neutralized, and the volume of standard acid used 
m the titrafaon is a direct measure of the weight of NaOH present 

It a solution contains only sodium carbonate and inert impurities 
and is tatrated mth standard acid, methyl orange being used as 
the indicator, the color change takes place only when the Na,CO, 
has been completely neutralized. 


COa" 

HCOs- 


+ H+ 
+ H+- 


^ HCO3- 
*H,0 + 


The volume of acid required is a measure of the total alkaline 
strength of the sample and of the actual weight of NaaCOg present. 
In calculating, the equivalent weight of the NasCOs would be 
acen as one-half of the molecular weight. On the other hand 
If phenolphthalem were used as the indicator and the titration 
wre carried out in the cold, the color change from pink to colorless 
would occur when the carbonate had been changed to bicarbonate. 

003 = + H+ HCO3- 

The volume of standard acid required to titrate sodiiun carbon- 
ate to an end point with methyl orange as the indicator is tivice 
that lequired if phenolphthalein is used as the indicator, since 
wice the number of hydrogen-ion equivalents is involved The 
Srt Tf"' f ^ Na^OO, is identical in the latter case 

wethf of 5 Pn " the calculated 

weight of NaaCOa present is the same in the two cases. It is 

irexlT of” ™th phenolphthalein as the indicator, 

Z IS added to the carbonate solution and 

the carbon dioxvk ts expelled by boilmg, the sodium carbonate will 
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be completel}^ neutralized. Neutralization of the excess acid with 
standard alkali will give a net volume of acid which will be the 
same as that used with methyl orange as the indicator. 

If a solution contains sodium bicarbonate and inactive impuri- 
ties, the NaliCOs may be titrated with standard acid, methyl 
orange being used as the indicator, or in boiling solution with 
phenolphthalein, in th^^ latter case by adding excess acid and 
titrating back with alkali. 

HCOs"” — > H 2 O + CO 2 

The equivalent weight of NaHCOa in either case is identical to 
the molecular w^eight. As stated above, a cold solution of pure 
sodium bicarbonate gives no color with phenolphthalein and there- 
fore cannot be titrated with phenolphthalein as the indicator. 

There now- remains the question of possible mixtures of the 
three alkalies just discussed. Altogether, there are the following 
theoretical possibilities: 

(a) NaOH 

(b) NaaCOa 

(c) NaHCOs 

(d) NaOH + NasCOs 

(e) NasCOs + NaHCOa 

(/) NaOH + NaliCOs 

(g) NaOH + NasCOs + NaHCOs 
Inert impurities may be present in each case. The last twm mix- 
tures, how^ever, cannot exist in solution, for sodium hydroxide and 
sodium bicarbonate interact mole for mole to form the normal 
carbonate 

OH™ + HCO 3 ” 003=== + IW 

Strictly speaking, these last two mixtures can exist wiieii in the 
perfectly dry form, although this condition wmiild be difficult to 
realize in practice. When they are treated Avitli water the reaction 
takes place, forming the carbonate and leaving a possible excess 
of hydroxide or bicarbonate as the case may be. 

The mixtures ordinarily encountered in practice are those of 

(d) and (e), viz.^ sodium hydroxide with sodium carbonate and 
sodium carbonate with sodium bicarbonate. Two end points being 
used, it is possible to determine the proportions of the components 
of either of these mixtures even wdien inactive impurities are present. 


r 
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E^mple I. Mixture of Hydroxide and Carbonate.— A 
1.200-grain sample of a mixture of sodium hydroxide and sodium 
carbonate containing mert impurities is dissolved and titrated 
old \vith half-normal hydrochloric acid solution. With phenol- 
phthalein as an indicator, the solution turns colorless after the 
ata „f 30.00 Ml of the acid. Methyl orange is then ridld 
and 5.00 ml. more of the acid are required before this indicator 
changes color^ What is the percentage of HaOH and of NaoCO, 
in the sample? 

stronger base 

(JNaOH) is neutralized first, as follows: 

OH--bH+-^H20 

C03“ 4- H+ ^ HCOs- 

ana a total ot 30.00 ml. of acid has been added. Then the bicar- 
bonate formed is neutralized by 5.00 ml. more of acid. 

HCO3- + H+ H2O -h CO2 

Since each mole of NanCOs reacts with 1 mole of HCl to Hve 

i nn , « neutraUted by ^^"le 

? ™'™' o' “id ■■equired to conrert 

the bfeCO, into NaHCO. is the same as the Volume reouirod 
to neutralize the NaHCOa, viz., 5.00 ml ^ 

the’'N?r°o\‘'’in mT 1 r “> oompletely 

NasCOs IS 10.00 ml. Since the total volume added was 35 00 

ml.. It IS evident that 35.00 - 10.00 = 25.00 ml. were necessary 

to neutralize the HaOH. Hence eie necessaiy 


Percentage of NaOH = 


25.00 X 0.5000 X 


1.200 

Percentage of Na^COs = 


1,000 


10.00 X 0.5000 X — 


1.200 


2,000 


X 100 = 41.68 per cent 


X 100 = 22.08 per cent 


> A«s. 
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These volume relationships are shown diagrammatically in 
Fig. 4. 

Example IL Mixture op Carbonate and Bicarbonate. — 
A 1.200-gram sample of an impui’e mixture of sodium carbonate 
and sodium bicarbonate containing only inert impurities is dis- 
solved and titrated cold with half-normal hydrochloric acid solu- 


■ Phenolpbtlialein, added 


25 ml. S 


1 

' NaCl 





Phenolphthalein 
• changes color 
Methyl orange added 


, Methyl orange 
changes color 


tion. With phenolphthalein as an indicator, the solution turns 
colorless after the addition of 15.00 ml. of the acid. Methyl 
orange is then added, and 22.00 ml. more of the acid are required 
to change the color of this indicator. What is the percentage of 
Na2C03 and of NaHCOs in the sample? 

Solution : When the acid is added slowty,. the Na2C03 is con- ' 
verted into NaHCO^. At this point, the phenolphthalein changes 
color, and 15.00 ml. of HCl have been added. As in Example I, 
the same volume of HCl as was 'used for the conversion of the 
NaaCOs into NaHCOs would be' required to convert this NaHCOs 
' formed from the' Na2C03 into NaCl.,: H20,- and C'02. It follows 
that 15.00 + 15.00 = 30.00 ml. of acid were required to neutralize 
completely the Na2C03 present .in: the sample.. .The total volume 
being 16.00 + 22,00 ~ 37.00 ml., it .is evide'nt that 37.00.— 30.'00 -- 


■ 
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7.00 ml. of HCl were required to neutralize the NaHCO, present 
in the original sample. Hence, 

Percentage of NaaCOa = ^ 

30.00 X 0.5000 X ^£9^ 


1.200 

Percentage of NaHCOs = 


X 100 = 66.25 per cent 


NaHCOa 


7.00 X 0.5000 X 

“ j 200 ' ^ ~ 24.50 per cent 

y 

These volume relationships at-e shown diagrammatically 
Fig. 5. 



■ Phenolphthalein added 


4— NaHCOs 


Phenolphthalein changes color 
Methyl orange added 



NaHCOs 


"NaCri<-- orange 

changes color 


86. Relation of Titration Volumes to Composition of Sample.— 

In an analj’-sis of the type discussed in this section, it is not al- 
ways true that the analyst is previously aware of the exact com- 
position of the sample. He may not knoiv whether the sample 
contains hydroxide, carbonate, bicarbonate, or possible combina- 
tions of these components, and a qualitative test is not always 
conclusive. By means of a simple titration, however, and the 
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use of a double indicator or double end point, the composition 
of the alkali can be determined so far as these negative radicals 
are concerned. 

In this connection, let A represent the volume of standard acid 
required to titrate the cold solution to a change of color of phenol- 
phthalein, and let B represent the addiiional volume of the acid 
to continue the titration do a change of color of methyl orange. 
The following relationships exist: 


Active ions 
present 

Volume for 
first end point 

Additional volunie 
for second end point 

OH™ ’ 

A 

0 

HCOr 

! 0 

B 

CO3- i 

A 

B ^ A 

CO3- + OH- i 

A 

B <A 

C03- + HC0r j 

A 

B > A 


Problems 

§92. A sample of sodium carbonate containing sodium hydroxide and only 
inert impurities weighs 1.197 grams. It is dissolved and titrated in the cold 
with phenolphthaleiii as the indicator. The solution turns colorless when 
48.16 ml. of 0.2976 N HCl have been added. Methyl orange is added, and 
24.08 mi. more of the acid are required for complete neutralization. Calculate 
the percentages of NaOH and Na2C02 in the sample. 

Afis, NaOH = 23.95 per centj NaaCOs = 63.46 per ce>ot. 

593. From the following data, calculate the percentages of Na 2 C 03 and 
NallGOa in a mixture in which they are the only alkaline components. 
Sample === 1.272 grams. Volume of 0.2400 N HCi required for phenolphthalein 
end point = 26.92 ml. After addition of an excess of the .standard acid and 
the boiling out of the COo, net additional volume of the acid required for the 
phenolplithalein end point - 50.21 ml. 

' Aws. Na 2 C 03 = 63.84 per cent, NaHCOg = 36.93 per cent. 

694, A, sample of material contains for its active components NaOH, 

: Na^COg, NaHCOg, or possible mixtures of these.- Two samples, each weighing 
1.000 gram, are dissolved in 'water. To one sample phenolphthalein is added 
and the solution is titrated cold with 1.038 N acid, of which 17.96 ml. are re» 
qiiired. The other sample is titrated cold with methyl orange as an indicator, 
and 21.17 ml of the same acid are" required. What alkalies are present? 
.Calculate the- percentage of each. 

Ana.;' ; NaOH = 61.2,8 per ;cent,,Na 2 GOs = 35.31 per cent. 

, :695. '.A ■chemist received different- mixtures for analysis witli.the statement 
: that they . contained ' either .NaOH, -NaHCGs, ' Na 2 CO.i, or possible m,ixtures 
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of these substances with inert material. From the data given identify 
Ore respective materials and calculate the percentage of each component 
On^gram samples and 0.2600 normal HCl were used in all cases. 

Sample I.— With phenolphthalein as an indicator, 24.32 ml were used 
A duplicate sample required 48.64 ml. with methyl orange as an indicator.' ’ 
addition of phenolphthalein caused no color change 
v\ ith methyl orange, 38.47 ml. of the acid were required. 

Sample HI.-To cause a color change in ^le cold with phenolphthalein 
io.dj ml. ot the acid were neces.sar.y, and an additional 33.19 ml. were reouired 
lor complete neutralization. 

Sample IV.— The sample was titrated with acid until the pinlc of phenol- 
phthalem disappeared; this proee.ss required 39.96 ml. On addhig an excess 
oi the acid, boiling, and titrating back with allcaii, it wa,s found that the alkali 
was e.xactly equivalent to the excess acid added. 

Ans. I. 64.45 per cent Na»COa. II. 80.79 per cent NaHCO,. Ill 40 52 
per cent .\a,COs, 37.60 per cent NaHCO^. IV. 39.97 per cent NaOH.' 

596. A sample is known to contain either MaOH or NaHCOs or NasCOs or 
possible matures of these, together with inert matter. A 1.200-gram samnle 
require, s 42.20 of N/2 HCl, using methyl orange as indicator. The same 

weight oi sample requires 36.30 ml. of theacid using phenolphthalein indicator. 
Calculate the percentage of inert matter in the sample. 

Ans. 23.27 per cent. 

697. Pure dry NaOH and pure dry NaHCOa are mixed in the respective 
proportion by weight of 2:1, and the mi.xture is dissolved in water. Calcu- 
late to three sigmficant figures the ratio of the volume of standard acid 
required wnth phenolphthalein as an indicator to the additional volume re- 
quired with methyl orange, 

.-dm. ,4.20. ■ ■ 

^ 698. A mixture that contains KOH and K.COs weighs a grams and, in 
the cold ^solution with phenolphthalein, requires 6 ml. of c normal acid. 
After methyl orange is added, d ml. of the acid are required. Calculate the 

pci een age of I\OH and of K2GO3. Reduce to isimplest terms. 

Am, Per cent KOH == 

a 

Per cent K2CO1 “ 

■■■■■■ a . . 

V - preceding problem with respect to a mixture of NasGO® and 

iNatlOUs. Reduce to simplest terms. 

10.60 he 


'Ans, Per cent Na2COs = 
Per cent NaliCOa 


. . *a 

8.401 (d 


- h)c 


a 


AT rw solution is prepared from 38.00 grams of pure 

»NaUH and 2.00 grams of pure NaaCO?. What is the true normality of the 
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87. Analysis of Phosphate Mixtiires. — Phosphoric acid ionizes 
in three steps. The ionization constant for the first hydrogen is 
1.1 X 10"^; for the second, 2.0 X 10"^; and for the third, 3. (i x 


solution if completely neutralized? If this solution were used in a titration 
in the cold with phenolphthalein as an indicator, what normality should be 
taken for the alkali? 

Ans. 0.9874 N. 0.9686 N. 


601. Calculate the grams of NaOH and the grams of NajCOs present in 
a mixture that on analysis gives the following data: Sample = 10.00 grams. 
The sample is dissolved in w'dter, the solution is diluted to 250.0 mL.'and 
25.00 ml. are taken for analysis. .A.n end point with phenolphthalein in cold 
solution is obtained with 44.52 ml. of 0.5000 N IICl. new portion of the 
same volume requires 46.53 ml. of 0.,5000 N HCl for an end point with methyl 
oraBge. 

602» A iiiixtUiG ol sodii iisli tiiid cuihstic sodti . wpighs 0.7500 gniiii. It/ is 
dissolved in water, plienolphtlialein ' is ■ added, and the mixture i.s titrated 
cold with 0.5000 N HCI; the color disappears when 21.00 ml. have been mided. 
Method orange is then added, and the titration continued until the pin!-: color 
appears. I'his requires 5.00 ml. of lu-id in addition. Calculate the percentage 
of NaOH a,nd of NaoGOs in the sample. 

^ 803. A sample is known to co.ntain NaOH or Na.HCOn or Na-jCOs or possilole 
mixtures of these, togetlier witli inert matter. Using methyl orange, a 1.100- 
grain sample requires 31.40 ml. of llCd ( 1.00 ml. =c-- 0.01400 gram CaO). 
Using phenolphthalein, the same w'eight of sample requires 13.30 ml. of the 
acid. Calculate the percentage of inert matter in. the sample. 

604:. i he qualitative analysis of a powder show's the presence of sodium, a 
carbonate, and little ehioride. Titrated with. methyl orange as an indicator, 
0.8000 gram of the powder reacts . with 25.10 .ml of half-normal HCl, and the 
same weight reacts with 18.45 rnl. of the acid with phenolphthalein in the cold 
solution. Compute the percentage composition of the original |)owder. 

605. A substance reacts alkaline in aqueous so.lution, and the ai.kalinit,y is 
due either toTvaCOg and KO,H or to .K*>GOs and KHCO't. Compute the per- 
ce,!itage of each, alkaline constituent 'from the. following data: 

When phenolplithalein is the indicator (in a cold solution), J.oUO graju.- of 
powder react with 26.27 ml of 0.3333 N HCl, and with 59.17 ml. when 
me.thyi orange is the indicator. .Sample = 1.5000 grams. 

606. A .solution of alkali is prepared from NaOIT cont.*nniiiatcd with 
NaA'O;;. With phenolphthalein in the cold, 36.42 rnl. of the alkali arc re- 
quired to neutralize 50.00 ml. of 0.5280 N H 2 SO 4 . With methyl ormrjie as 
the indicator, 35.60 ml. of the alkali are required for the same ainouni. ui' acid. 
How many grams of NaOH and nf NasCOa are contained in each milliliter 
of the alkali solution? „ 



208 


CALCULATIONS OF ANALYTICAL CHEMISTRY 


In the titration of phosphoric acid with an alkali like NaOH, the 
replacement of the first hydrogen results in the formation of 
NaHsPO^ (H3PO4 + OH- H2PO4- + H2O). At approximately 
this point, methyl orange changes color. The replacement of the 
second hydrogen results in the formation of Na2HP04 (H2PO4- + 
OH~ HP04"" + H2O). At approximately this point, phenol- 
phthalein changes color. The reverse titration of Na3P04 with a 
strong acid like HCl results first in the formation of HP04==, at 
^ ™ ^ — which point phenolphthaieiii 


changes color, and then in the 
formation of H2PO4”, at which 
point methyl orange changes 
color. A titration of this sort is 
Methyl orange shown in Fig. (5. 
changes color Qiily adjacent substances 
shown on the diagram can exist 
together in solution. Other com- 
binations interact. As in the 

^ Phenolphthalein Carbonate titrations 

changes color . 

ot the preceding section, it is 
possible to analyze certain mix- 
tures of phosphates by means 


NaHoPO 


NaoHPO. 


changes color 


p-i — — J— of titrations involving the use of 

,■■! two indicators. Actually, the 

PiQ, 0, titrations should be carried out 

on fairly concentrated solutions 
and at a temperature of about 55°C. 

Example. — A sample, which is known to contain either Na3P04, 
NaH2P04, Na2HP04, or possible mixtures of these, together with 
inert impurity, weighs 2.00 grams. When this sample is titrated 
with 0.500 N HCl, methyl orange being used, 32.0 ml. of the 
acid are required. The same w^eight of sample wdien titrated with 
0,500 N HCl, phenolphthalein being used, requires 12.0 ml. of 
the acid. What is the percentage composition of the sample? 

Solution: From simple inspection of the diagram and con- 
sideration of the two volumes involved, it is e\ndent that both 
Na3P04 and Na2HP04 are present. A volume of 12.0 ml. must 
have been required to convert the lSra3P04 to Na2HP04 ; and, since 
12.0 ml. more would be required to. convert the Na2HP04 /ormed 
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to NaH 2 P 04 , a volume of 32.0 - (2 X 12.0) = 8.0 ml. is required 
to convert the original Na 2 HP 04 to NaHaPOi. 

49.2 per cent Na 3 P 04 

’ A ns. 

28.4 per cent NaoUPO-i 

Problems 

607. A sample that contains Na,,P0.,.12H20, or Na 2 HP 04 . 12 H 20 , or 
IS\aI-I»P 04 .H. 20 , or possible mixtures of these weighs 3.00 grams. When ’it is 
titrated with 0.500 N HCl, methyl orange being used, 14.0 ml. of the acid .are 
required. A similar sample requires 5.00 ml. of 0.600 N NaOH, with phenol- 
phthalein. What is the percentage composition of the sample? ’ 

.4iis. 13.8 per cent NaH 2 P 04 .H 20 , 83.6 per cent N'asHP 04 . 12 H 20 . 

608. A certain solution is knon-n to contain any possible combinations 
of the following substances; HCl, Na«HP 04 , NaE[ 2 P 04 , H 3 P 04 , NaOH. 
Titration of a sainple with 0.500 N NaOH, phenolphthalein being’used, re- 
quiies 27.0 ml. oi the base. With the same weight of sample luid rnethvi 
orange indicator, 17.2 ml. of the 0.500 N NaOH are required to obtain a color 
change. ^ What components are present, and how many grams of each are 
present in the sample taken? 

Ans. 0.135 gram HCl, 0.4<S1 gram H3PO4. 

609. A certain solution is known to contain either HCl -f Ii3P04, or 
H3PO4 + NaH2P04, or the three compounds existing alone. A sample is 
titrated with NaOH, requiring A mi. with methyl orange indicator ; but the 
same weight of sample requires B ml. of the NaOH with phenolplitliaiein 
indicator. What relationship would exist between A and B to indicate tlie 
first combination, and what relationship would indicate the second com- 
bination? What relationship would indicate the presence of H3PO4 alone? 

Aws. B > A, but B < 2A; P > 2A. B = 2A. 

610. A solution known to' contain HsP04, ■Na2HP04, or NaIl2P04, or 
possible mixtures of these, weighs lAO grams. When it is titrated with 
0.620 N NaOH, 27.0 ml. are required to change the color of phenolphthaieiii, 
but only 10.0 ml. to change the color of methyl orange. What is the per- 
centage composition of the solution? 

. 611. A certain . solution is known to contain any .possible combinations of 
the foUowing substances: HCl, Na2HP04, NaH2P04, H3PO4, NaOH,. Na3P04. 
Titratio.!!. of a sample ;.with, 0.510 N HCi, methyl orange", being used, requires 
28.1 mi. of the acid. With the same weight of sample and phenolphthalein 


12.0 X 0.500 X 


NasHPO 
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indicator, 17.1 ml. of the HCl are ■ required. What components are present, 
and how many grams of each are in the sample taken? 

612. A series of solutions are known to contain II 3 PO 4 , NallsPO-i, Na 2 HP 04 , 
alone or mixed in varying proportions. In each case, the titration is made 
with 1.000 N NaOH.to a pink color with phenolphthaleiii and the solution is 
then back-titrated with 1.000 N HCi to a pink color with methyl orange. 
In each of the following four cases, determine which components are present 
and the number of millimoles of each: ^ 

a. Initial titration 48.36 ml. ; back-titration 33.72 ml 
h. Initial titration 37.33 ml. ; back-titration 39.42 ml. 

c. Initial titration 24.36 ml. ; back-titration 24.36 ml. 

d. Initial titration 36.24 ml.; back-titration 18.12 ml. 



CHAPTER XIII 


OXIDATION AND REDUCTION (REDOX) METHODS 
(OXIDIMETRY AND REDUCTIMETRY) 

88. Fundamental Principles.— This phase of volumetric analy- 
sis has to do with the titration of an oxidizing agent with a standard 
solution of a reducing agent or the titration of a reducing agent 
with a standard solution of an oxidizing agent. This type of de- 
termination embraces the greater part of volumetric analysis, for 
the number of substances capable of oxidation or reduction is 
com,paratively large. 

Oxidation is the increase in the positive direction of the elec- 
trical valence or oxidation number of an element or radical; re- 
duction is the decrease in electrical valence or oxidation number 
of an element or radical. Oxidation and reduetion must evidently 
take place simultaneously, for in any reaction of this type the 
oxidizing agent is always reduced and the reducing agent is always 
oxidized, and to the same degree. The methods of expressing 
concentration and the definitions given in Chap. IV hold true for 
solutions of oxidizing and reducing agents. Therefore, the rela- 
tionships existing between these agents are the same as those 
existing between acids and bases. Howwer, it is necessary in the 
case of concentrations of solutions expressed in terms of normality 
to consider the hydrogen equivalent from a slightly different point 
of view. . 

■ 89. Equivalent Weights of Oxidizing and Reducing Agents — 
As in acidim.etry and alkalimetry, the concentration of a solution 
of an oxidizing or reducing agent is best expressed in terms of its 
relation to the normal solution, and the gram-atom of hydrogen 
is taken as; the -ultimate unit. ' We must, however, consider the 
unit from tiie point of view of oxidation and reduction, thus: 

W:^m + e 

Hydrogen ion is an oxidizing agent and is capable of being reduced 
to hydrogen gas (c.g., Zn + 2H+--»Zn++ + H 2 ). ' Free hydrogen 
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is a reducing agent and is capable of being oxidized to hydrogen 
ion (e.g., 2Fe+++ + Ha 2Fe++ + 2H+). 

The conversion of one atom of hydrogen to the ioii^ or vice 
versa, involves a change of 1 in oxidation number and a transfer 
of one electron. To find the equivalent weight of an oxidizing or 
reducing agent we must, therefore, take that fraction of its formula 
weight so that in the oxidation or reduction process there will be 
involved the equivalent of a transfer of one electron. This will 
be accomplished (1) by dividing the formula weight of the sub- 
stance by the total change in oxidation number involved in the 
oxidation-reduction process, or (2) by dividing the formula weight 
of the substance by the number of electrons transferred per for- 
mula "weight of substance. The gram-equivalent weight of an 
oxidizing agent is the equivalent weight in grams and is equivalent 
in oxidizing power to 1.008 grams of hydrogen as hydrogen ion. 
It is likewise ecpiivalent in oxidizing power to 8.000 grams of 
oxygen. The gram-equivalent w^eight of a reducing agent is 
equivalent in reducing power to 1.008 grams of elementary hy- 
drogen gas. As will be seen later, a substance may have two 
different equivalent w’eights depending on whether it is used as 
an acid or as an oxidizing or reducing agent. As in acidimetry, 
a normal solution of an oxidizing or reducing agent contains one 
gram-equivalent weight of substance per liter of solution, or one 
gram-milliequivalent per milliliter. Hence, as in acidimetiy, 


and 


ml. X N “ number of gram-milliequivalents 
ml.s X Ns X Cx = gramsx 


Example I. — Ho\v many grams of the following reducing 
substances constitute the gram-equivalent weight in each case: 
(a) FeS04.7H20, (6) SnCb, (c) H2C2O4.2H2O (oxalic acid), (d) 
KHC2O4.H2O (potassium binoxalate), (e) KHC2O4.IT2C2O4.2H2O 
(potassium tetroxalate), (/) H2S (oxidized to S), (g) IHS (oxidized 
to H2SO4), (h) NasSsOs.SHsO (oxidized to Na2S406), (f) H2O2? 

Solution: (a) FeS04.7H20. In solution, this gives ferrous 
ions which can be oxidized to ferric ions. 


c.g. 


Fe++ Fe+->-+ + € 
2Fe++ + Br2 2Fe+++ -f 2Br" 
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Each ferrous ion changes in oxidation number by one unit and 
hence is equivalent in reducing power to the hydrogen unit. The 
molecular weight of FeS(34.7H20 is therefore the equivalent weight 
as a reducing agents and, expressed in grams, is equivalent in 
reducing power to 1.008 grams of hydrogen. 


FeS04.7H20 

1 


278.0 grams. Ans. 


(b) SiiClo. In solution, this gives stannous ions which can bC' 
oxidized to stannic ions: SiF“^ — > +'2e. The change in 

oxidation number is 2. The granvmolecular weight of SiiCh is, 
therefore, equivalent in reducing power to 2 gram atoms of hy- 
drogen, or one-half the molecular w^eight represents the equivalent 
weight. 

SiiGh ... , 

— ^ — = / / .08 grams, .ins. 


(c) H2C2O4.2H2O. In solution, this gives oxalate ions, 0204"“, 
wMch can be, oxidized to CO2 gas. 

C2O4- 2CO2 + 2 € 

c.g., 

5C2O4- + 2]\ln04~ + 16 H+ -- 10 C (32 -f 2 ]Mn-- + 8H2O 

The average oxidation number of carbon in the oxalate radical is 
+3 (actually one is +2, the other is 4-4). The oxidation number 
of carbon in CO2 is 4-4. Each carbon, on an average, changes by 
one unit in oxidation number; but, since there are 2 carbon atoms 
ill the oxalate radical, the average change for the oxalate radical 
is 2. The radical is, therefore, equivalent in reducing power to 
2, hydrogen atoms. 


TT2('’204.2H2() .. , 

=3 (>3.03 grams. Ans, 


I 

I 


(d) KHC204.,H20. Here again, each molecule of the dissolved 
salt gives an oxalate ion which is oxidized to CO2 as in the pre- 
ceding, case. 


EHC2(34.H20 

2 


= 73.07 grams. 


Ans, 


It should be noted that the equivalent weight of this salt as an 
mid is the molecular , weight,.; or 146.,14.' Hence, a solution' of po- 
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tassimn binoxalate which is 0.1 N as an acid is 0.2 N as a reducinff 

agent. ^ 

^ (e) KHC2O4.H2C2O4.2H2O. Since each molecule of this salt in 
solution gives 2 oxalate ions which are oxidized as above to CO2, 
e equivalent weight of potassium tetroxalate as a reducing agent 

iS 

KHC204.H2C204.2H20 _ _ 

1 bo;t>5 grams. .4 ns. 


tl • -T reacting as an acid, its equivalent weight is one- 

- urd of the molecular weight, or 84.73. A given solution of po- 
tassium tetroxalate has four-thirds the normality as a reducinf>- 
agent that it has as an acid. 

u) H2b. l^hen this substance is oxidized to free sulfur, the 
cnange in oxidation number of sulfur is 2. 




1 rr n j i 

= 17.04 grams. Ans, 

■ this substance is oxidized to sulfate, the change 

in oxidation number of sulfur is from -2 to -f 6. 

HoS 

= 4.260 grams. 4ri.s. 

W Na2S203.5H20. In aqueous solution, this salt gives thio- 
su ae ions which can be oxidized to tetrathionate ions. 


I'!'/, li 

11',' i- 


i - 



2S20s“ + I2 -> SiOg^ - f 21- 

Hiiosulfate radical, the average oxidation number of sulfur 

j ^ ® fetrathionate, the average oxidation number of sulfur is 

average change for each sulfur is but, since in 

' there are two sulfurs, the total change in oxidation 

number is 1. 

Na2S203.5H20 „ „ . 

= 248.2 gi-ams. 4ns. 


(i) H2O2. A^Tien hydrogen peroxide acts as a reducing agent, 

IS always oxidized to free oxygen; e.ff., 

5H2O2 4- 2Mn04-4- 6 H+ 5O2 + 2Mn++ q- 8 H 2 O 
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Average change in oxidation number of each oxygen atom in the 
hydrogen peroxide molecule is from -1 to 0. Total change for 
the molecule is 2. 

H2O. , 

= l/.Ol grams. Ans» 


Example II. — How many grams of the following oxidizing sub- 
stances constitute the gram-millieciiiivalent weight in each case: 

(a) K3Fe(CN)6, (b) KMn04, (c) (cl) h, (e) KBrOg (re- 

duced to bromide) j (/) hbOo? 

Solution: (a) KaFe(CN)6. In solutioiij this salt gives ferii- 
cyanide ions which are capable of being reduced to ferrocyanide 
ions. 

Fe(CN)6- + €~^Pe(CN)r 

The eliange in oxidation number of the. iron is from +3 to +2. 


K3Fe(CN)6 

LOGO 


0.3293 gram, Ans. 


(b) K'Mn04. When reduced in the presence of acid^ perman- 
ganate ions form, manganous ions. 


e,g. 


MnOr + 8H- 4- Se Mn++ -f dHoO 
MnOr + 5Fe+-^ + SH+- -> Mii-h- + 5Fe“H~i~ + 4 H 2 O 

Change in oxidation number of manganese is from +7 to +2. 

KMn04 


5,000 


0.03161 gram. Am*. 


In alkaline solution, permanganate is reduced to Mn02 with a 
.cha,nge in oxidation number .of 3 (from +7 to +4). ,■ 

MnOy- + 2H2O '+ 3 € MnO. + dOH"* 

Here the equivalent weight is one-third of the molecular weight. 

(c) K2Cr207. Dichromate ions are ordinarily reduced to chromic 
ions. , . 




Cr207“==+14H++6€- 

Cr 207 ^ + 6Fe+++14H+' 


«2Cr+*H“ + 7H20 
» 2 Cr-+^ + :. 6 Fe++^ + 7H2O 
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The change in oxidation number of each chromium atom is from 
+6 to +3, or the change of the dichromate ion (since it contains 2 
chromiun ions) is 6. 


KsCr^Or 

6,000 


= 0.04903 gram. 


(d) I2. Iodine is reduced to iodide. " 


Ans. 


I 2 + 26 21- 

There is one unit change in oxidation number for each iodine 
atom, or two unit changes for the molecule. 

lo 

2^^ = 0.1269 gram. .4n,s. 

(e) KBrOs. Bromate reduced to bromide involves a change in 
oxidation number of the bromine from +5 to -1, or a change of 
6 units. ^ 

BrOj- + 6H+ + 66 Bi-- -i- 3H2O 
KBrOs 

0 000 “ 0.02784 gram. .4ns. 

if) H2O,. As an oxidizing agent, hydrogen peroxide is reduced 

to water. 

H2O2 + 2H+ + 26 2H2O 

Average change of each oxygen is from -1 to -2. Total change 

for the molecule is 2. ® 


2^^ = 0.01701 gram. Ans. 

90. Calculations of Oxidation and Reduction Processes.— 

femce the concentration of solutions in oxidation and reduction 
titrations, like those in acidimetry and alkalimetry, is based on 
me hydrogen equivalent, the methods of calculation are identical, 
thus, 1 liter of a normal solution of an oxidizing agent will exactly 
oadize 1 liter of a noniial solution of a reducing agent, or 2 liteiV 
or a half-normal solution* 

In titrating a reducing agent with a solution of oxidizing agent 
or an oxidizing agent with a solution of reducing agent, reasoning 
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similar to that described in Secs. 73, 74, and 75 will evolve the 
same general formulas as were there derived: viz., 


and 


ml,s X Ns X ea; = grams* 

mis XNsXe^ 


; X 100 = per cent* 


Weight of sample 

The iiiethodfa of solving *ijhe various types of problems described, 
under Secs. 76^ 77, and 78 likewise apply to oxidation and reduc- 
tion titrations. 

Problems 

613. Refer to Problem 35 and give the equivalent weights of the following 
oxidizing agents: (a) K. 3 ASO 4 , (b) NaBrOs, (c) NaNOa, (d) NasO^. 

Ans. (a) 32.02, (b) 25.15, (c) 11.50, (d) 39.00. 

614. Refer to Problem 84 and state what fraction of the molecular weight 
represents the miiliequivalent weight in the case of each, of the following 
reducing agents: (a) Cr 2 (S 04 )s, (b) HCl, (c) IIS. 

Ans. (a) 1/6,000, (5) 1/1,000, (c) 1/2,000. 

616. Thirty milliliters of ferrous ammonium sulfate solution contain 1.176 
grams of pure FeS 04 .(N.H 4 ) 2 S 04 . 6 H 20 . Twenty milliliters of potassium 
dichromate solution contain 0.2940 gram of KaCraO:. Calculate (a) normality 
of the ferrous ammonium sulfate, (b) normality of the dichromate, (c) value 
of 1.000 ml. of ferrous solution in terms of the dichromate solution. 

Ins. (a) 0.1000 N, (5) 0.2998 N, (c) 0.3335 ml. 

616. A solution of nitric acid is 3.00 N as an acid. How many milliliters 
of water must be added to 50 ml. of the acid to make it 3.00 N as an oxidizing 
agent? Assume reduction of HNO3 to NO. 

Ans. 100 ml. 

617. If 10.00 grams of K4Fc(CN)6.3H20 are dissolved in water and the 
volume made up to 500 ml., what is the normality of the solution as a reducing 
agent? 

Aris. 0.04736 N. 

618. From the following data, calculate the ratio of the nitric acid as an 
oxidizing agent to the tetroxalate solution as a reducing agent (assume reduc- 

/rionof.NOs-toNO). 

1.000 ml. HNO3 = 0 = 1.246 mi. NaOH 
1.000 ml. KHC 2 O 4 .H 2 C 2 O 4 . 2 H 2 O ^ 1.743 ml. NaOH 
Normality NaOH = 0.1200 

Ans. 1.608 

,„::::'6ia. To .oxidize the,.iroii in 1.00, gram of .PeS 04 .(NH 4 ) 2 S 04 . 6 H 2 O requires 
5,.C»:md.,of HNO 3 ,(3Fe++ >,,N 03 “> + H.O.).. , : How : 
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much water must be added to 500 ml. of this acid to make the concentration 
as an acid exactly one-tenth normal? 

Ans. 350 ml 

620. A certain volume of a solution of KHa04.HoO would be oxidized in 
the presence of acid by an equ.al volume of 0.01000 molar KMnO.. How 
milliliters of 0.01000 molar Ba(OH)2 solution would be neutralized by 
20.00 ml. of the binoxalate? ^ 

Ans, 25.00 ml, 

+• standardizing KMnOi solution against a standard solu- 

tion ol AaOH has been suggested. This consists in dissolving a small (un- 
weighed) amount of o.xalic acid (or acid o.xalate) in water and titrating with 
the standard alkah, using phenolphthalein indicator. The resulting solution 
IS acidihed with H2SO4 and titrated with the KMnO.i. If KHC2O4.H9O were 
used as the intermediate compound and the titrations required* 10 58 ml of 
0..2S0 NaOH and 38.10 ml. of KMn04, calculate the normality of the 
ivMnU4 as an oxidizing agent. 

Ans, -0.1266 N. 

622. KHC204.H2C204.2Ii20 and Na2C204 are to be mixed in the proper 
proportion so that the normality of a solution of the mixture as a reducing 
agent will be 2.15 times the normality as an acid. Calculate the proportion 

/ins. 1:0.644. x . 

623. Calculate the normality as an acid and as a reducing agent of a 
solution made by dissolving a mixture of 20.00 grams of H8C2O4.2H2O 10.00 
^ams ot KHC2O4, and 15.00 grams of KHC2O4.H2C2O4.2Hs6 in w-ater and 

diluting to exactly 1,000 ml. 

Ans. 0.5728 N, 0.7096 iST. 


624. Refer to Problem 37 and give the gram-miUiequivalent weights of the 
toDowmg oxidizing agents: (a) BiOs, (6) KsFeCCNle. 

626. Refer to Problem 36 and state what fraction of the molecular weight 
represents the equivalent weight in the case of each of the following reducing 
agents: (a) KNO2, (b) UO2CI2, (c) MnS04, (d) VOS04. 

626. In the analysis of chrome iron ore, chromium is o.-ddized bv fu.sioii 
to chromate and determined by titration with ferrous ammonium" sulfate. 
v\ hat IS the equivalent weight in terms of (a) Cr^Os and (b) Cr? 

1 volume of HCl solution is theoretically requh-ed to dissolve 

1.000 ^am of pure iron out of contact with the air, if 3.00 ml. of the acid will 
neutrahze that volume of KOH solution which will react with 6.00 ml of a 
potassium acid oxalate solution that is 2.00 K as a reducing agent? 

628. When 25.00 ml. of HCl are treated with AgNOs, a precipitate of AgCl 
weighing 0.5465 gram is obtained; 24.36 ml. of the HCl exactly react with 
, “ ^aOH solution; 26.24 ml. of the NaOH e.xaotly react with 30.17 

solution. How much water must be added to a 
liter ot the oxalate solution to make it exactly 0.02500 N as a reducing .agent? 
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629. The hydrogen peroxide sold for medicinal purposes is often labeled 
“10 volume” which means that on ordinary decomposition it yields ten times 
its volume of oxygen. What would be the normahty of such a solution as 

ail oxidizing agent? As a reducing agent? 

630. A certain volume of KHC2O4.H2C2O4.2H2O solution would be neu- 
tralized by an equal volume of 0.01000 molar NasCOs solution. How many 
milliliters of 0.02000 molar K 2 Cr 207 would be required to oxidize 25.00 ml* of 
the tetroxalate solution? 

91. Permanganate Process.—Potassium permanganate is e.xten- 
sively used as an oxidimetric standard. It serves as its own in- 
dicator. A normal solution contains one-fifth the gram-molecular 
weight per liter (see Sec. 89, Example Ilb) if used in the presence 
ol acid. A standard solution of potassium permanganate is used 
in three ways: 

1. It is used in the presence of acid in the direct titration of a 
large number of oxidizable cations and anions, iiinong them are 
the following: 


Substance 

Oxidized to 

Fe++ 

3?e+++ 


gn++++ 

VO++ 

VOr 

C2O4- 

CO2 

NO2”" 

NOr 

sor 

sor 

H2O2 

O2 

Mo+++ 

Mo 04 “ 

'j’j+++ 


U++++ 

U02++ 


2. It is used in the presence of acid in the indirect titration 
of a large number of reducible substances. In each case a meas- 
ured amount of a reducing agent (e.ff., a ferrous salt or an oxalate) 
is added, and, after reduction is complete, the excess reduc- 
ing agent is titrated with standard permanganate (see Sec. 76). 
Among the many substances that can be determi n ed in this way 
are the following: 

SVBSTAN , 

Mn04"' 

CraOT-', , V 

MnOa, Mns 04 
PbOa. Pb^Os, PbaOi 


Redvced to 
Cr+++ 
Pb+-^" 
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3. It IS used in neutral or alkaline solution in the titration of a 
veiy few substances. In these cases the peimanganate is reduced 
to MnOa, which precipitates. The permanganate, therefore has 
an oxidizing power only three-fifths of what it has when used in 
the presence of acid (see Sec. 89). This fact must be made use 
of m the calculations of such analyses (see Example VI below). 

M^++ ' OxmiZEDTO 

HCOOH (formic acid) CCl' 

Example L— What is the normality of a solution of potassium 
permanganate if 40.00 ml. will oxidize that weight of potassium 

30.™ T" 

0.5000 N sodium hydroxide solution for its neutralization? 

of M nw f of tetroxalate that requires 30.00 ml. 

ot 0.5000 N NaOH for neutralization is 

30.00 X 0.5000 X jyiC 2 O 4 .H 2 C 2 O 4 . 2 H 2 O 

3,000 —= 1-2/1 grams 

The normality of the permanganate is therefore 

1.271 


40.00 X 


KHC2O4.H2C2O4.2H2O 

ijooo ~ 


he same result is more simply obtained by setting up the entire 
equation before performing any of the operations, when it mil be 
found that the molecular weights of the potassium tetroxalate 

tTwXi 4 calculated. Thus, the weight of potassium 
teti oxalate neutralized by 30.00 ml. of 0.5000 N NaOH is 

KHC2O4.H2C2O4.2H2O 


30.00 X 0.5000 X 


3,000 


and the Aveight of potassium tetroxalate oxidized by 40.00 ml of 
a: normal KMnO* is -w mi. ui 

40 00 X a; X iiiiijyi-HsCaO^HsO 

4,000 

Since these tAxo expressions are equal to each other, the equality 
may be expressed by an equation in Avhich the molecular AA’eights 
ot the potassium tetroxalate cancel and a: gives the value 0.5000 
tor the noimahty of the permanganate. 
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Example II. — What is the percentage of iron in a sample of 
iron ore weighing 0.7100 gram if, after solution and reduction of 
the iron with amalgamated zinc, 48.06 ml. of KMnOi (1.000 ml. = 
0.006700 gram Na 2 C 204 ) are required to oxidize the iron? How 
many grams of KMn 04 are contained in each milliliter of the 
solution? 

Solution ; 

Normality of the KMnO .4 = = 0.1000 N 

" 2,000 

48.06 X 0.1000 X 

oTiOO ^ ^ 37.79 per cent Fe. /Iws. 

Each milliliter of normal KMn04 contains KMiiO4/5,0C}() = 
0.03161 gram. 

Each milliliter of this KMn04 contains 0,03161 X0.1000 = 
0.003161 gram. 

Example III. — How many grams of H2O2 are contained in a 
solution that requires for titration 14.05 ml. of KMn()4 of which 
1.000 ml, =0= 0.008378 gram Fe (f.e., will oxidize that amount of 
iron from the divalent to the trivalent state)? How many grams 
and how maiw milliliters of oxygen measured dry and under stand- 
ard conditions are evolved during the titration? 

Solution: 

Normality KMn04 == == 0.1500 N 

re/ljUuU 

Grams H 2 O 2 = 14.05 X 0.1500 X — = 0.03584 gram. Ans. 


Each mole of Ii202 corresponds to a mole of O2 evolved [see 
Sec. 89,, Example 1(f)]* Therefore, 


Grams G2 evolved = 


14.05 X 0.1500 X 2 ^ 


0.03372 gram. 

Ans, 


Each mole of O2 occupies 22,400 ml. ' ■ . 

Therefore,' : 

Milliliters O2 evolved = 14.05 X O.ISOO X == 23.60 ml. : 

AjUUU 

Ans, 
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Example IV. — ^What is the percentage of Mn02 in impure py- 
rolusite if a sample weighing 0.4000 gram is treated with 0.6000 
gram of pure H 2 C 2 O 4 . 2 H 2 O and dilute H 2 SO 4 and after reduction 
has taken place (Mn 02 + H 2 C 2 O 4 + 2H+ — > Mn++ + 2 CO 2 + 2 H 2 O) 
the excess oxalic acid requires 26.26 ml. of 0.1000 N KMn 04 "for 
titration? 

Solution: 


Miilieqiiivalents of H2C2O.1.2H2O used = 


0.6000 


H2C'204.2I'l20 /2^000 

Milliequivalents of KMn 04 used = 26.26 X 0.1000 = 2.626 
Net millieciuivalents = 9.526 - 2.626 = 6.900 
6.900 X Mn02,/2,000 


= 9.526 


0.4000 


X 100 = 74.97 per cent Mn02. Ans. 


Example V. I^hat woidd be the milliequivalent weight of 
PbsO.i and oi Pb in the calculation of the analysis of red lead 
ijmpure Pb 304 ) by a method .similar to that of the preceding ex- 


+ 3SOi- + 611^ -> 3PbS04 + 2 CO 2 + 


ample (Pl^ + H 2 G 2 O 4 

4H2O)? 

Solution: The oxidation number of lead changes from an 
average of 2% (in PbA) to 2 (in PbS 04 ). Each lead therefore 
changes by an average of 2 ^ unit; 3 leads change by 2 units. 
Hence, 

Me. wt. PbsOt = SS = 0.3428. .4?is. 


Me. wt. Pb = 


2,000 

3Pb 
2,000 ' 


0.3108. Ans. 


Example VI. A steel containing 0,90 per cent Mn is anatyzed 
b;V' the three standard methods below, in each case with a 2.50- 
gi am sample, 0.0833 N IVM11O4 and 0.100 N FeS04 solutions. 
Calculate in each case the volume of KMn04 required. 

boLLTiON: Bismuthate Method . — The Mn is oxidized to IvMn04 
and after reduction with 25,0 ml. of the standard FeS04 (j\Iii 04“ + 
5Fe+^ + 8H^ — ->■ Mn“^ + + dlioO) the excess ferrous iron 

is titrated with the standard KMn04. 

Let X = milliliters of KMn04 used in the titration. 
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Milliequivalents of FeS 04 used = 25.0 X 0.100 = 2,50 
Milliequivalents of KMnOj used = xX 0.0833 

Net milliequivalents = 2.50 — 0.0833a; 

X = 5.42 nil. Ans. 


Chlorate (WiUiams) Method . — The Mn is oxidized with KCIO3 
to M 11 O 2 W'hicli is filtered and dissolved in 25.0 ml. of the standard 
FeSOd (MnOa + 2Fe-^ + 4H“^ -> Mn++ + 2Fe+++ + 2 H 2 C)) . The 
excess FeSOd is titrated with the standard KMn 04 . 

Let X = milliliters of KMn 04 used in the titration. 

Milliequivalents of FeSO-j used = 25.0 X 0.100 = 2.50 
Milliequivalents of KMnO.! used = x X 0.0833 

Net milliequivalents == 2.50 - 0.0833:r 

( 2 . 50 -O.Om^XMn, -2.00 0 

X = 20.2 ml. xAm. 


Volhard Method . — The Mn is titrated directly with KMn 04 in' 
a solution kept neutral with ZnO (SMn"*^ + 2 Mn 04 ~" + 2ZnO 
5 Mn02 + 2Zn-H-). 

Let X = milliliters of KMnOd used in the titration. 

In this case the normality of the KMn 04 cannot be taken as 
0.0833 because it is used in neutral solution wiiere the change 
ill oxidation number of its manganese is 3 instead of 5. In other 
ivordSj the oxidizing power of KMn 04 in neutral solution is only 
three-fifths as. great as it is in acid solution. In this particular 
case the normality is 0,0833 X The change in oxidation, niim,- 
her of the titrated Mn is 2. - 

x(0.0833X.gMn/2.000 ^^^_^^ 

2.OO 

X — 16.4 ml. ■ Ans, ■ 

Example YIL— A ^ 1,00-gram sample of steel ■ containing 0.90 ' 
per cent Mn is analyzed by the persulfate' method wdiereby the 
manganese is oxidized to permanganate ammonium persulfate 
and; the: i^esulting'.^ is titrated with a standard, solii-, 

tion of sodium arsenite. If 7.68 ml.'' of arsenite solution (0.0400 
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molar in NasAsOs) are required and the arseiiite is oxi,dized to 
arsenate in the titration, to what' average oxidation number was 
the manganese reduced in the titration? 

Solution: 

0.0400 molar NasAsOs = 0.0800 normal 
Let X — change in oxidation number of Mn during titration 


7.68 X 0.0800 X 


Solving, 


.r X 1,000 ' 


0.0090 


Oxidation number of Mn m reduced form 


■3,75 = 3.25. Aw,?. 


Example VIII. — If 1.000 ml. of a solution of KMn04 is equiva- 
lent to 0.1000 millimole of NaCH02 (sodium formate) in the fol- 
lowing titration: 3CH02“ + 2Mn04'" + H'20 3CO2 + 2Mn02 + 
50Ii", what is the value of the KMnOd in terms of grams of CaO 
in the volumetric method for calcium in which that element is 
precipitated as CaC204.H20 and the precipitate is filtered, dis- 
solved in dilute H2SO4, and the oxalate titrated with perman- 
ganate? 

Solution: 

0.1000 millunole NaCH02 = 0.2000 milliequivalent 

(since in the titration the oxidation number of C changes from 
-|-2 to -|-4) 

Normality KMn04 = 0.2000 N 

This normality applies only to the above type of titration in 
which the oxidation number of Mn in KMn04 changes by 3 units. 
Therefore, 

Normality KMn04 (presence of acid) = 0.2000 X = 0.3333 N 

Each atom of Ca is combined with and equivalent to 1 mole 
of oxalate. Since the milliequivalent weight of the oxalate radical 
is its molecular weight over 2,000, the milliequivalent weight of 
CaO must be its molecular weight over 2,000. 


1.000 X 0.3333 X : 


0.009347 gram CaO. 
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92. Dichromate Process. — Potassium dichromate is occasionally 
used as an oxidimetric standard. With chemical indicators (e.g.^ 
potassium ferricyanide as an external indicator, or dipheiiylaniiiie 
sulfate as an internal indicator), the use of dichromate in direct 
titrations is restricted to the titration of ferrous iron. Oxidizing 
substances can be determined by the dichromate process, as in 
the permanganate process, by the addition of a measured excess 
of a ferrous salt and the titration of the excess ^\dth the standard 
solution. Potassium dichromate titrations have greater applica- 
bility in potentiometric titrations where chemical indicators are 
not necessary. 

The normal solution of potassium dichromate contains one-sixth 
of the gram-molecular weight of Iv2Cr207 per liter (see Sec. 89). 

Example I. — What is the percentage of Fe203 in a sample of 
iimonite ore (impure Fe203) if the iron from a 0.5000-gram sample 
is reduced and titrated with 35.15 ml. of a potassium dichromate 
solution of which 15.00 ml. are equivalent in oxidizing power 
to 25.00 ml. of a potassium permanganate solution which has an 
^Tron value of 0.004750 gram? (This last expression is a con- 
ventional means of signifying that 1.000 ml. of the solution will 
oxidize 0.004750 gram of iron /rom the divalent to the trivalent state.) 
Solution : 


N ormality of KMn04 = 


0.004750 
1.000 X Fe/ 1,000 


0.08506 


Normality of KsCrsOy = 0.08506 X 25.00/15.00 - 0.1418 
FesO^ 

35.15 X 0.1418 

— X 100 = 79.60 per cent Fe203. Ans. 

0.5000 

Example II.—Fusion with NaoOo oxidizes the chromium, in a 
0.2000-gram sample of chromite ore to chromate. The addition 
of a 50-mL pipetful of ferrous sulfate solution reduces this in acid 
solution to chromic salt, (Cr207="' -f BFe"^"^ + 14Ii+ 2Cr^’+'^" +' 

0P0+++ q. YflaO), and the .excess ferrous ions are titrated with 
7.59 ml. of 0.1000 N K^CroO?. Each pipetful of ferrous solution 
is equivalent to 47.09 ml. of the standard K2Cr207 soliition. What 
is the percentage of Cr in the sample? What weight of sample 
of the chromite ore should be taken such that the milliliters of 
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standard 0.1000 N K2Cr207 tliat are equivalent to the ferrous 
solution added, minus the milliliters of K2Cr07 used in the titra- 
tion, will equal the percentage of Cr203 in the sample? 

Solution; Net K2Cr207 solution (equivalent to the Cr in the 
ore) = 47.09 - 7.59 = 39.50 ml. 

39.50 X 0.1000 X 

Q~ ^QQ ^ X 100 = 34.23 per cent Cr. Ans, 

line second part of this problem merely states that the net 
vo.lume of 0.1000 N K2Cr207 (f.c., the milliliters equivalent to the 
Cr in the sample) is equal in value to the percentage of C.r20s. 


X “ 0,2533 gram. 

93. Ceric Sulfate cr Cerate Process. — Cerium in the valence of 
4 is a very powerful oxidizing agent, the yellow 4-valent ceric or 
complex cerate ions being reduced to colorless 3~valent cerous ions. 

00+4-++ -f g — > 00+++ 

or, 

Ce(S04)3- + e Ce+++ + 3SOr 

A solution of ceric sulfate is satisfactory for oxidimetry titrations 
and has certain advantages over potassium permanganate, par- 
ticularly with respect to its greater stability and its lesser tendency 
to oxidize chloride ions. In the titration of reducing substances 
that in solution are colorless, the yellow color of the excess ceric 
ions serves as a fairly satisfactory indicator. Titration of ferrous 
ions can be accomplished with orthophenanthroline (^Terroin^O 
as an internal indicator. The potential of the indicator in its 
two states of oxidation lies between those of ferrous-ferric iron 
and cerous-ceric cerium. 

. Fe+++ + €, 

Ferroin' (red) feiToin*" (blue) + € 

■ ; 0e++++ + g 

Ceric sulfate is particularly' satisfactory m^ potentiometric: titra- 
tions. 
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Example. What weight of limonite should be taken so that 
after solution in HCl and reduction of the Li-on, the volume of a 
standard ceric solution required for titration will be one-half the 
percentage of FeaOs in the sample (6.00 ml. of the ceric solution = 
2.00 ml. KHC2O4 solution «= 3.00 ml. of 0.0800 N NaOH)? 
Solution: 

KHC2O4 soln. T 0.0800 X 3.00/2.00 
= 0.120 N as an add. 

= 0.240 N as a redwing agent 
Ceric soln. = 0.240 X 2.00/6.00 = 0.0800 N 
1 X 0.0800 X Fe2O.,/2,000 ^ ^ , 

X . . ^ ■ 

:i' = 0.320 gram. Ans. 

Problems 

631. A solution of permanganate contains 2.608 grams of ■KMn04 per 750 ml 
'What is the.normaiity of the solution and what is the value of .1.000 nil. in 
terms of '(a) Pe20;,, (b) Fe, (c) KHC2O4, (d) H2O2, (e) U(S04)2 (oxidized to UO2 •*+)? 

Ans. 0.1100 N. (a) 0.008784 gram, (5) 0.006144 gram, (c) 0.007046 gram, 
(cl) 0.001871 gram, (e) 0.02867 gram. 

632. Given a solution of KMn04 of which 1.000 ml 1.000 nil. KHC2O4 
solution =c= 1.000 mi. NaOH 0.1000 millimole of KHCSH4O4 (potassiiini 
acid phthalate) . What is the value of 1 ml. of it in terms of grams of Fe20s? 
How many millimoles of Mn are present in each milliliter? 

Ans, 0.01597 gram. 0.04000 millimoles. 

633. How many grams of KMn04 are contained in a liter of potassium 
permanganate if a certain volume of it will oxidize a weight of potassium 
tetroxalate requiring one-haif that volume of 0.2000 N potassium hydroxide 
solution for neutralization? 

, Ans. 4.214 grams. 

634. ’What is the normality of a solution of potassium permaiigantite if 
50.13 ml. will oxidize that weight of KHC2O4 which requires 43.42 ml. of 
0.3010 N sodium hydroxide for neutralization? 

, Am , 0.5214^ 

■ ■ 635. 1.000 ml. KHC2O4.HoC2O4.2H2O =0: 0.2000 mi. KMn04 

What is the normality of the tetroxalate solution when used as an acid? 

4 : Ans. 0.3000 N. . 

636. Given twm permanganate solutions. Solution A contains 0.01507 
gram of .KMn04 per milliliter. Solution B is of such strength that 20.00 ml. - 
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0.1200 gram Fe. In what proportion must the two solutions be mixed in 

order that the resulting solution shall have the same oxidizing pow^er in the 

presence of acid as 0.3333 N K2Cr207 has? 

, Vol. A . 

Ans. = 1.576. 


637. How many milliliters of K2Cr207 solution containing 25.00 grams of 
anhydrous salt per liter would react wdth 3.402 grams of FeS04.7H20 in dilute 
acid solution? 

Ans, 24.00 ml. 

688. If 25.0 ml. of ferrous sulfate solution in sulfuric acid require 31.25 
ml. of 0, 100 N KsCroO? solution for oxidation, how much water must be added 
to 200 ml. of the reducing solution to make it exactly one-twentieth normal? 

Alls. SOO ml. 

639. How manj^ grams of pure K2Cr207 must be weighed out, dissolved, 
and diluted to exactly 700 ml. to make a solution which, when used in the 
titration of iron in a sample of ore, shall be of such a strength that four times 
the number of milliliters used with a half-gram sample will represent one-half 
the percentage of FeO in the sample? 

A?^s. 19.12 grams, 

640. How many grams of pure Pbs04 ( = Pb02.2Pb0) must be dissolved in 
a mixture of 30 ml. of 6 N H2SO4 and 2.000 millimoles of KHC2O4.H2C2O4.2H2O 
so that 30.00 ml. of 0.1000 N KMn04 will be required for the excess oxalate? 

1.714 grams. 

641. What weight of spathic iron ore (impure FeCOs) should be taken for 
analysis such that the number of milliliters of KMn04 (1.000 ml. =c= 0.3000 ml. 
of potassium tetroxalate solution which is one-fourth normal as an acid) used 
in titration will be twice the percentage of FeO in the ore? 

A 71 S. 1.438 grams. 

642. If 0.9000 gram of oxalic acid (H2C2O4.2H2O) is allowed to react with 
0.5000 gram of pyrolusite and the excess oxalic acid is titrated with per- 
manganate, what must be the nonnality of the permanganate in order that 
oue-haif the percentage of Mn02 may be obtained by subtracting the buret 
reading from the volume A of the permanganate equivalent to the 0.9000 
gram of oxalic acid used? What is the value of i.? 

A 71 S, 0.2300 N. 62.09 ml. 

643. A sample of steel weighing 2.20 grams and containing 0.620 per cent 
of Mn is dissolved, and the manganese is eventually titrated in neutral 
solution with standard KMn04. (SHn**"*^ -f- 2Mn04~ + 2H2O 5Mn02 + 
4IH.) If 6,88 ml. are required, what is the value of each milliliter of the 
KMnO^ in terms of H2C2O4.2H2O? 

Ans, 0,00756 gram. 
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644 Sodium formate NaCHO,, can be titrated in neutral solution accord- 
ing to the equation: SCHOr -I- 2 Mn 04 - -f H^O 2MnO.. + 3CO. + 50H-. 
If 10 00 ml of the KMn 04 are equivalent to 0.08161 gram' of sodium formate 
by this method, (a) what is the “iron value” of each milliliter of the KMn 04 
(6) what IS the value oi each milHUter in terms of millimoles of HsO., (c) what 
IS the value ot each milliliter in terms of grams of CaO, and (d) what is the 
value of each milliliter m terms of grams of Mn by the Volhard method’* 

® 

645. Calcium can be precipitated as CaCA-HA and the precipitate 
hltered, washed, and dissolved in dilute ASO 4 . The o.xalic acid formed can 
T-f? titrated with potassium permanganate. If a 0.1000 N solution of 

on I'OOO ml. in terms of (a) Ca, (6) CaO, 

(cj Vw'aOiJs. 

Ans. (a) 0.002004 gram, (5) 0.002804 gram, (c) 0.005004 gram. 

646. If the iron in a 0.1500-gram sample of iron ore is reduced and sub- 
sequently requires 15.03 ml. of permanganate for oxidation, what is the puritv 
of the ore expressed as percentage of (a) Fe, (6) FeO, (c) FeA? (4.000 ml. 
KMn 04 3.000 ml. KHC 0 O 4 .H 0 CA solution o 3.000 ml. 0.1000 N NaOH.) 

.4»s. (a) 55.95 per cent, (b) 71.96 per cent, (c) 80.00 per cent. 

647. What is the percentage purity of a sample of impure H..C. 04 . 2 a 0 if a 
sample weighing 0.2003 gram requires 29.30 ml. of permanganate .solution of 
which 1.000 ml. - 0.006023 gram Fe? 

/iriS. 99.53 per cent. 

648. To a half-gram sample of pyrolusite is added a certain weight of 
oxalic acid (H2C2O4.2H2O). After reaction in acid solution is complete, the 
excess oxaUc acid requires 30.00 ml. of 0.1000 N KMn 04 for o.xidation. If the 
pyiolusite is calculated to contain 86.93 per cent MnO., what is the weight of 
oxalic acid added? (MnO. -i- H.CA + 2H+ -> Mn++ -f 200. + 2 H 2 O.) 

0.8194 gram. 

049, One hundred milliliters of I\.2Cr207 solution (10.0 grams per liter), 
5.00 ml. of 6 N H2SO4, and 75.0 ml of FeS04 solution (80.0 grams FeS04.7H2() 
per liter) are mixed and the resulting solution is titrated with 0.2121 M 
KMn04. Calculate the volume required, 

A71S. 5.63 ml 

650, In analyzing a one-gram sample of hydrogen peroxide with permanga- 
nate, what must be the normality of the KMn04 in order that the buret reading 

shall represent directly the percentage of H 2 O 2 ? 

, Ans. : 0.5880 N. 

^ ^ 651. A sample of magnetite (impure Fe304) is fused with Na202 and all the 
imn thus oxidized to the ferric state. After leaching with water and acidifying, 
the total iron is determined by reduction in a Jones reductor and titration with 
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standard KMnO^. Volume of KMn04 required = 30.10 ml. It is of such 
concentration that 2,000 ml. =o= 3.000 ml. IQIC2O4 solution =c= 2.000 mi. 
NaOH 1.000 mi. H2SO4 0.008188 gram ZnO. What is the normality ol 
the KMn04 and how many grams of Fe304 are present in the sample of mag- 
netite? 

Ans. 0.2000 N, 0.4646 gram. 

662. Six millimoles of MnO are ignited in air (6MnO 4* O2 “> 2Mn304) and 
the resulting Mn804 (~ Mn02.2Mn0) is dissoWed in a solution containing 
25 ml. of 6 N H2SO4 and A grams of FeS04.(NH4)2S04.6H20. The manganese 
is reduced by the ferrous ions completely to the divalent form. If the excess 
ferrous ions require 12.00 ml. of KM11O4 (containing 0.05000 millimole of 
KMn04 per ml.) calculate the value of A, 

Am* 2.745 grams. 

653. A sample of steel weighs 2.00 grams and contains 0.55 per cent Mri. 
After dissolving in HNO3 the manganese is oxidized to permanganate with 
solid Bi02 and the excess Bi02 is filtered off. Excess FeS04.7H20 (dissolved 
in water) is now added and the excess ferrous ions require 20.0 ml. of 0.200 N 
KMn04. Flow many grams of FeS04.7Fl20 were used? If the reduction had 
been made with Na2C204 instead of with FeS04.7H20, how iiiany millimoles of 
Na2C204 should have been added in order for 20.0 ml. of the KMn04 to be 
required for the excess oxalate? 

1.39 grams. 2.50 millimoles. 

654. A sample of chromite contains 30.08 per cent CrsOg. After fusion of a 
0.2000-gram sample with Na^Oa and dissolving in acid, how many grams of 
FeS04.(N 114)2804.61120 should be added so that the excess ferrous ions will 
require 15.00 ml. of 0.6011 N KoCi^iO?? How many milligram-atoms of Cr 
does each milliliter of the dichromate contain? If 3.000 ml. of this dichromate 
o 2.000 ml. of KHC2O4.H2C2O4.2H2O solution 1.000 ml KOH =0= 3.000 ml 
II2SO4, how many moles of Fe203.a:H20 is each milliliter of the Ii2S04 capable 
of dissolving, and how many milliequivalents as an oxidizing agent would this 
amount of Fe203..rH20 represent? 

Ans. 4.467 grams. 0.2006 mg.-atoms, 0.00007514 moles, 0.1503 me. 

656. A sample of steel weighing 2.00 grams is analyzed for manganese by 
the bismutliate method. If a 25-ml. pipetful of 0.120 N FeS04 were used for 
the reduction of the oxidized manganese and 22.9 ml of 0,0833 N KMn()4 were 
used in the titration of the excess ferrous ions, what volume of tiie K]Mn04 
would have been used if the same weight of sample had been analyzed (a) by 
the chlorate method (using the same 25-mi. pipetful of the above FeS04); 
(6) by the Volhard method on a aliquot portion of the prepared solution? 
What is the percentage of Mn in the steel? 

(a) 30.8 ml, (6) 4.37 nil. 0.600 per cent. 

656, A sample of chrome iron ore weighing 0.3010 gram is fused with 
Na202, leached with water, and acidified with H2SO4. The resulting solution 
of diehromate is treated with a solution containing dissolved crystals of 
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'FeS 04 .(NH 4 ) 2 S 04 . 6 H 20 , and the excess ferrous ions titrated with standard 
dichromate (containing 5.070 grams K 2 Cr 207 per liter). A maximum of 
45.00 per cent Cr 203 in the ore being allowed for, what minimum weight of 
FeS 04 .(NH 4 ) 2 S 04 . 6 H 20 should be used so that not more than a 50-ml. buretfnl 
of the standard dichromate would be required? 

4.124 grams. 

657. A sample of pure sodium oxalate, Na 2 C 204 , weighing 0.2500 gram, mdien 
dissolved in dilute H 2 SO 4 reqipre.s 40.15 ml of ceric sulfate solution to give a 
permanent yellow color to the solution. What is the’ normality of the ceric 
sulfate solution? How many grams of pure Ce(S 04 ) 2 . 2 (NH 4 ) 2 S 04 . 2 H 20 should 
be dissolved in 500 ml. of solution 4n order to prepare a solution of nur- 
niality? If a sample of liiiionite weighing 0.3000 gram is dissolved in lid, r.lso 
iron reduced by metallic silver and then requires 25.03 ml of the above ranic 
sulfate solution, orthophenanthroline being used as indicator, what percenfnge 
of Fe 203 is shown to be present in the lim.onite? 

Am, 0.09294 N. 29.40 grams. 62.03 per cent. 


658. What is the normality of a solution of K’IMn 04 and what is the value 
of each, milliliter in terms of grams of Fe if when titrating a 0.1000-gram, sample 
of impure KNO 2 (which is oxidized to nitrate) the buret reading is one-half 
the percentage of N 2 O 3 in the sample? How many gram-atoms of Mii does 
each liter of the KMn 04 contain? 

669. What must be the value of 1 ml. of ceric sulfate in terms of grams of 
Fe^Oa so that in the titration of a half-gram sample of impure sodium arsenite 
(arsenite oxidized to arsenate), the percentage of As^Os in the sample will be 
twice the buret reading? What is the molarity of the ceric solutio.n? 

660. A stock solution of KMn 04 is made up and standardized. It is found 
that each milliliter is equivalent to 0.01597 gram of Fe^Os. . A lO-nil, pipetfiil 
of the permanganate is reduced with H 2 O 2 in the presence of acid and the excess 
H 2 O 2 is destroyed by boiling. The resulting solution is then made n,eiitral and 
the manganous ions in the solution are titrated with more of the original 
stock KMn 04 , the solution being' kept neutral -with 2 inO (Yolliard method). 
How many milli.iiters of KMn 04 would be required in the titration? 

661* A student standardized a solution of KOH and one of KMn 04 against 
the same salt (IvH 0 o 04 .Hi’C 204 . 2 H 20 ). The normality of the former was 
found to be 0.09963 as a base and of the latter to be 0.1328 as an oxidizing 
agent. By coincidence, exactly 50.00 ml of solution were used in each 
standardization. Calculate the ratio of the w’'eight of tetroxalate used in the 
first case to that used in the second case. 

662. A powder, is composed of oxalic acid, ■(H 2 C 2 O 4 . 2 H 2 C)), potassium' 
binoxalate (KIiC 204 .H 20 ), and an inert impurity. Find the percentage of 
each constituent from the following. A sample of the powder weighing 
1.200 grams reacts with 37.80 ml of 0.2500, N NaOH solution; 0.4000 gram of 
powder reacts with 43.10 ml of 0.1250 N permanganate solution. 
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663. It requires 15.27 ml. of SnCls solution to reduce an amount of iron 
that can be oxidized 16,27 ml. of permanganate solution. This volume 
of the permanganate will also oxidize that amount of KHC2O4.H2C2O4.2H2O 
solution which reacts with 16.24 ml. of 0.1072 N KaOH. Calculate the 
normality of the SnCb solution. 

664. Given the following data, calculate the percentage of Mn02 in a 
sample of pyrolusite: 

Sample = 0.5217 gram 

KHC2O4.H2C2O4.2H2O added to react with MnO. - 0.7242 gram 

K]Mn04 used in titrating excess = 22.42 ml. 

1.000 ml. KM 11 O 4 =0= 0.009721 gram H2C2O4.2H2O 

665. A 50.00-ml. pipetful of 0.2016 N oxalic acid is added to a sample of 
pure Mn02 to reduce it. The excess of oxalic acid requires 10.15 ml. of 
0.2008 K KAIn04 for its oxidation. What weight of AIn02 is present? 

666. How man^^ grams of CroOs are present in a sample of chromite ore if 
when decomposed by fusion with Na202, acidified with H2SO4, and treated 
with 3.000 millimoles of KHC204.H2C204.2H20(Cr207‘“ + 3C2O4” + i4H+ 
2CI.4--4- ^ 6CO2 + 7H2O), the excess oxalate requires 20.00 ml of 0.1000 N 
K:^ln 04 ? 

667. A sample of spathic iron ore is analyzed for calcium by the perman- 
ganate method, following the precipitation of the calcium as oxalate. What 
weight of sample must be taken so that one-half the number of milliliters of 
0.1000 X KMn04 may represent the percentage of CaO in the sample? 

668. What weiglit of iron ore should be taken for analysis so that the 
milliliters of 0.0833 N permanganate multiplied by 2 will give the percentage 
of FeoOs in the sample? 

669. The qualitative anabasis of a certain silicate shows the presence of a 
large quantity of calcium and only traces of other positive elements. In the 
quantitative analysis, the silica is removed and the calcium is precipitated 
from the filtrate as calcium oxalate. It is found that the milliliters of 0.1660 
X KMn04 required to oxidize the oxalate in a half-gram sample is almost 
exactly equal to the percentage of silica in the sample. What is the empirical 
formula of the pure mineral? 

670. Heulandite is hydrous acid calcium metasiiicate and yields on analysis 
14.8 per cent water and 16.7 per cent alumina. If the calcium were precipitated 
as calcium oxalate from a 1.00-gram sample, 32.8 ml. of 0.100 X KMn04 
would be required for oxidation. Three-fifths of the water exists as water of 
crystallization. What is, the empirical formula of heulandite? 

671. A sample of alloy containing manganese and weighing 4.35 grams is 
dissolved and the manganese eventually titrated in neniral solution with a 
standard permanganate having an ^Hron value” of 0.00640 gram (t.c., 1.000 ml. 

oxidize that amount of ferrous iron in acid solution). A volume of 13.05 
mi. is required. Calculate the percentage of Mn in the alloy. 

672. A sample of magnetite (impure Fe304) is fused with Xa202 and all the 
iron thus oxidized to the ferric state. After leaching with water, the iron in 
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the solution is determined by reducing with SnCh, destroying the excess stan- 
nous ions, and titrating with 0.3000 N KaCrsO?. If 30.00 ml are rec|iiired, 
calculate the number of grams of Fes04 in the sample. How many grams of Cr 
are present in each milliliter of the KaCraOT? How many milligrams of CeOg 
is each millilitei ol the dichi'omate ecj^uivalent to as an oxidizing agent? 

673. From the following data, compute the weight of iron ore to be taken 
for analysis such that the percentage of Fe203 present is niimericaiiy equal ta 
twice the number of millilite^^ of K2Cr207 used in the titration. 

40.00 ml. HCl solution 2.880 grams of AgCL 

35.00 ml. HCl solution =c= 40.00 ml. of IVHC2O4.H2C2O4 solution. 

35.00 ml. of tetroxalate solution =c= 40.00 ml. of K2Cr207 solution. 

674. A solution of dichromate is prepared by dissolving 4.883 grams of 
pure K2Cr207 and diluting to exactly one liter; a solution of ferrous salt is pre- 
pared by dissolving 39.46 grams of FeS04.(iSiH4)2S04.6H20 and diluting to 
one liter. N hat volume of the dichrornate solution must be transferred to the 
ferrous solution and thoroughly mixed so that the normality of one solution as 
a reducing agent wall be the same as the normality of the other solution as an 
oxidizing agent? 

675. An oxide of iron w^eighing 0.1000 gram is fused with KHSO4, and the 
fused material is dissolved in acid. The iron is reduced with stannous chloride, 
mercuric chloride is added to oxidize the excess stannous ions, and the iron is 
titrated with 0. 1000 N dichromate solution. If 12.94 ml. were used, what is the 
formula of the oxide — FeO, Fe^Oa, or Fe304? 

676. Two millimoles of pure Pb304 (= Pb02.2Pb0) are dissolved in 
a solution containing a mixture of 25 ml. of 6 N H2SO4 and A grams of 
FeS04.(NH4)2S04.6H20, the 4-valent lead being reduced to Pb"^+. The 
excess of ferrous ions reciuires 12.00 ml. of 0.2500 N KMn04 for oxidation 
(a) What is the value of A? (6) How many milligram-atoms of Mn are 
present in each milliliter of the KMn04? (cj If potassium tetroxalate, 
KHC2O4.H2G2O4.2H2O, had been substituted for the ferrous ammonium sulfate 
above, how many milliequivalents, how many millimoles, and how many 
grams of the oxalate would Imve been used for the reduction so that the excess 
oxalate would have required 12.00 ml. of 0.2500 N KMn04? (d) If lead 
sesquioxide, Pb203, were analyzed by a similar method, what would be the 
millieciuivalent w^eight of Pb203? 

677. From the following data, calculate the percentage of iron in a sample 
oflimonite: 

1.000 ml. K2Gr207 0.006299 gram Fe 

Bichromate solution used = 47.56 ml. 

Ferrous solution used = 2.85 ml 
Sample taken for analysis = 0.6170 gram 

1.000 ml ferrous solution =c= 1.021 ml K2Cr207 

678. A certain chrome iron ore is known to contain 24.80 per cent Cr. 
A sample weighing 0.2580 gram is fused with Ka202, leached with water, and 
acidified with H2SO4. The resulting solution of dichromate is treated with a 
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weigiit of FeS04.7Ii20 crystals which happens to be just 50 per cent more than 
the amount necessary to reduce the dichromate. The excess of ferrous ions is 
titrated with standard dichromate (containing 0.02000 miiiiiiiole 1x20.1207 per 
miili liter). What volume is required? (Hint: It is not necessary to calculate 
the amount of ferrous salt required.) 

679. A solution of ceric sulfate is of such normality that 26.73 ml. 
are required to titrate the ferrous iron obtainable from 1.052 grams of 
FeS04.(NH4)2S04.6H20. How many grams qC Ce (804)2.2 (NIl4)2S04.2H20 
should be dissolved in 750 ml. of water and the resulting solution diluted to 
one liter in order to prepare a solution of such normality that each milliliter 
is equivalent to 0.006500 gram KtIC204.H.>C204.2H20? 

680. (a) What is the normality of a solution of KMn04 if each milliliter 

will oxidise 0.008377 gram of iron from the ferrous to the ferric state? (h) How 
many grams of Mn do 1^.00 ml. of such a solution contain? (c) How many 
grams of Mn would 10.00 ml. of this KMn04 oxidize to MUO2 by the Volhard 
method (3Mii++ + 2Mn04” + 2 2nQ -> 5 Mn02 + 2Zir‘-+)? (d) How many 

milliliters of tiiis KM11O4 would be required to titrate 0.1200 millimole of 
sodium formate (NaCH02) according to the reaction: 301102“ + 2j\In04“ + 
H2O 2Mn02 + 3CO2 ■+• 50H“? (e) How many grains of CaO would each 

milliliter of the KM11O4 be equivalent to in the volumetric method for calcium? 
(/) How man^r grams of AS2O3 would each milliliter of the KMn04 be equiva- 
lent to in the titration of arsenite to arsenate? 

681. Find the percentage of Pb304 in a sample of red lead that has been 
adulterated with PbO. 2.500 grams of the pigment are treated with 50.00 ml. 
of potassium tetroxalate solution which is 0.1500 N as an acid, and the excess 
of the latter requires 30.00 ml. of permanganate of which each milliliter is 
equivalent to 0.(}05584 gram of iron. 

682. A sample of steel weighing 2.50 grams is analyzed for manganese by 
the chlorate method (see above). If a 25-mL pipetful of 0.110 N FeS04 w’-ere 
used to dissolve the precipitated Mn02 and 18.4 mi. of 0.125 N KMn04 were 
used to titrate the excess ferrous ions, what volume of the permanganate 
would have been used if the same weight of sample had been analyzed (a) by 
the bismuthate method (using the same 25-mL pipetful of the above FeS04); 
(?)) by the Volhard method on a F2 aliquot portion of the prepared solution? 
What is the percentage of Mn in the steel? 

94. lodimetric , Process.— The fundamental reaction in,' this 
process is that between iodine and sodium thiosulfate^ with starch 
(or sometimes chloroform) as the indicator. 

I2 + 2S2G3--->2I- + S40e- 

Titrations by this process may be divided into two groups, those 
involving direct titrations with standard iodine and those involv- 
ing titrations with standard sodium thiosulfate. 
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Iodine solutions are prepared by dissolving iodine crystals^ to- 
gether with potassium iodide, in water. A normal solution con- 
tains I 2/2 “ 126.9 grams ot iodine per liter. Standard solutions 
are used to titrate cHrectly certain reducing agents of wliicii the 
following are typical: 


Substance 

HoS 

sor 

SoOr 

AsOs” 

SbOa"^ 


OXIDIZEO TO 


Sodium thiosulfate solutions are prepared by dissolving crystals 
of the salt in water. A normal solution contains Na 2 S 203 . 5 H 26 /l 
248.2 grams of the hydrated salt per liter (see See. 89). Stand- 
ard solutions of thiosulfate can be used to titrate almost aiijr 
oxidizing substance. 4. he titration is made, however, by adding 
to the solution of oxidizing substance a large excess (roiighl,y 
measured) of potassium iodide. The oxidizing substance is re- 
duced, liberating a?i equivaUnt amoimt of iodine, and the liberated 
iodine is titrated with thiosulfate. Typical oxidizing agents de- 
termined in this way are as follows: 


Substance 

Equation 

CroOj”. 

CrjO;" + 61- + 14H+ ->2Cr+++ + 

MnOw 

2Mn04- + 101- + 16H+ -4 2Mn++ 

BrOs" 

BrOr + 61- + 6H+ -> Br- + 3Ia 4 

10,- 

lOj- + 61- + 6H+ I- + 3 I 2 + 3 : 

Cu-''+ 

2Cu++ + 41- CuaB + I 2 

CI 2 

CI 2 + 21- 2 a- + I 2 

H 2 O 2 

H 2 O 2 + 21- + 2H+ -4 12 + 2 H 2 O 


Since an oxidizing agent liberates its own equivalent of iodine, 
the volume of thiosulfate required for the liberated iodine in any 
given case is the same as would be required if the thiosulfate /were 
used directly and reduced the substance to the form indicated. 
In calculations,, therefore, the equivalent weight of the. substance 
titrated:, is' found in the usual way by dividing 4lie forimila weight 
of the substance by the total change in oxidation number. 

, 111 ,. titrations in acid .solution, a standard solution of potassium 
:io,d,ate, co,Maining,;an, excess, of potassium iodide is a eoiivenient 
siilistitute for standard iodine.. , It. is a, colorless, stable solution, 'but , 


jKff' I 

M 1 


I 
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when it comes in contact with acid the two ingredients immedi- 
ately interact and liberate free iodine (lOg” + 61” H- 6H"*" — > I~ + 
3I2 + 3H2O). In the titration of a substance in acid solution^ this 
standard solution, therefore, behaves as if it were a standard solu- 
tion of iodine. It is used, for example, in the determination of 
sulfur in steel. Since the iodate molecule has the oxidizing 
equivalent of 6 iodine atoms, a tenth-normal solution contains 
KIO3/6O = 3.567 grams of KIO3 per liter and can be prepared 
by dissolving this amount of the pure crystals, together with 
an excess of potassium iodide, in water and diluting to exactly one 
liter. 

Example I . — An excess of potassium iodide is added to a solu- 
tion of potassium dichromate, and the liberated iodine is titrated 
with 48.80 ml. of 0.1000 N sodium thiosulfate solution. How 
many grams of K2Cr207 did the dichromate solution contain? 

Solution : Potassium dichromate liberates an equivalent 
amount of iodine from an iodide (t.e., 6 gram-atoms = 6 gram- 
equivalents of iodine per mole of dichromate) : 

Ci'oOr + 61” + 14H+ 2Cr+++ + SI. + THsO 

and the liberated iodine is titrated with thiosulfate 
28203^^ + I2 — ^ 8406'“ + 21” 

The volume of titrating solution is the same as it would have been 
if the original solution had been titrated dhectly to the indicated 
products. 

Grams of K2Cr207 = 48.80 X 0.1000 X = 0.2393. 4m‘. 

o,0uu 

Example II. — The sulfur from 4.00 grams of steel is evolved 
as H2S and titrated with 1.60 ml. of 0.05000 N iodine solution. 
What is the percentage of S in the steel? What is the value of 
1.000 ml. of the iodine in terms of AS2O3? How many milliliters 
of the iodine will be reduced by 40,00 ml. of Na2S203 solution of 
which 1.000 ml. =0= 0.006357 gram Cu. What volume of iodate- 
iodide solution containing 10.0 millimoles of KIO3 and 50.0 grams 
of KI per liter would be required to titrate the Ii2S from 5.00 grams 
of the above steel? The equations involved are as follows: 
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HaS 4* Is — >8 + 21 + 

AsOs- + 2HC08- + Is As 04 = + 21- + 2 CO 2 + HsO 
2011 "^ + 41— — > Cusis ” 1 “ Is 
IO 3 - + 61- + 6H+ ^ 3I7+ I- + SHsO 


Solution: 

1.60 X 0.05000 X 


2,000 


4.00 


X 100 = 0.0320 per cent S. Ares. 


1.000 X 0.05000 X = 0.002473 gram AssOj. Ans. 

4jU0U 


The addition of KI to a copper vsolution will cause reduction of 
the Cii and the liberation of an amount of iodine equivalent to 
the copper present. This iodine may be titrated with thiosulfate 
and the normality of the latter found from the amount of Cii 
present. In the above case, 

Normality of Na-iSaOs solution = "" 0.1000 N 

Volume of 0.0500 N I 2 solution == 40.00 X = 80.00 ml 

Ans, 

10.0 millimoles KIO 3 = 60.0 millieqiiivalents 
Normality of KIO 3 = 0.0600 N 

X X 0-06Q0 X s/ 2,000 ^ ^ Q 0320 

5.00 

X = 1.67 ml. Ares. 

The reaction AsOa” + I 2 + H 2 O ^ As 04 ” + 21“ + 211"*' is revers- 
ible, for 3-valent arsenic is oxidized by iodine in neutral solution, 
whereas 5-valent arsenic is reduced by iodide in the pi'escnce of 
acid with the liberation of free iodine. These reactions can be 
made use of in the determination of the two forms of ansenic when 
present in the same solution. 

Example III.— A powder consists of NajHAsOs + AsaOj + inert 
material. A sample weighing 0.2500 gram is dissolved and titrated 
with standard iodine in a solution kept neutral by excess dissolved 
NaHCGs (AsOs^ + I2 + 2 HCO 3 - -> As 04 = + 21- + 2CO. + HoO). 
The titration requires 15.80 ml. of 0.1030 N I 2 . Hydrochloric acid 
and an excess of KI are added (AsOi^ + 21- + SH"*" As"*'++ 4- 
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I 2 + 4 H 2 O) and the liberated iodine requires 20.70 ml. of 0.1300 

^ jNaa&aOs. Calculate the percentages of NajHAsOs and As^Ob 

HI the sample. ® 

Solution: 

1.5.80 X 0.1030 = 1.628 millieqiiivalents 3-vaIoiit As 

20.70 X 0.1300 = 2.691 milliequivalents total As 
2.691 - 1.628 = 1.063 milliequiv&lents 5-vaIent As 
Na^HAsOs 


1.628 X 


2,000 


0.2500 ^ Na^jHAsOs 


1.063 X 


AS 2 O 6 


0.2500 ^ P^r cent AS2O5 


S' Am. 


j 


Problems 

683. A bYjlution of iodine contains 15.76 grams of I. per liter What is 
W agent in terms of (a) BO,, (b) ESol, 

grtum' 0-005097 gram, (c) 0.01963 gram, (d) 0.004655 

in tet SrS* wrft“® thiosulfate solution 

turns oi ( u. M hat i.s the normahty of a thiosulfate solution if 2.5 00 ml 

aio lequned to titrate the iodine liberated by 0.01,563 gram of copper? 

.4*8. 0.002543 gram. 0.009833 KT. 

V (1-000 ml. o 

0.03000 gram Aa 2 &« 03 ) m terms of As^Os? 

-4*8. 0.009886 gram. 

vffn following data calculate the normality and molarity of the 

uSltiSino:;;? <■' 

1.000 ml. KsCi-sO, =» 0.005585 gram of Fe. 

Alls. 0.06162 N, 0.06162 M, 0.002003 gram. 

687 Forty milliliters of KMn 04 solution (1.000 ml. <= 0.00.5000 gram Fel 
are added to Ivl and the liberated iodine is titrated with sodium thio-mlfate 
so ution requiring 35.90 ml. What is the value of 1.000 ml. of the tJiiosulfatp 

solution in terms of copper? 

*4m. 0.006345 gram. 

688. A solvition of sodium thiosulfate is freshly prepared, and 48.00 ml -ire 
required to titrate the iodine liberated from an e-vcess of KI solution by 
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0.3000 gram of pure KIOs. What ai-e the normality of the thiosulfate •• 
value in terms of iodine? 

Ana. 0.1752 N, 0.02224 gram. 

689. The thiosuitate solution of the preceding problem is allowed to 
and 1.00 per cent of the NasSsOs is decomposed bv a trace of acid pros 
the .solution + 2H+ H,SO, + S). What is the n«v normal 

the solution as a reducing agent, assuming o.xidation of sulfite to suif.att 

Ana. 0.1768 N. 


690. A steel weighing 5.00 grains is treated with HCl and the IbS is evolved 
and eventually titrated with a solution containing O.OlOO mole of KIO. -md 
60 graims of KI per liter. If 3.00 ml. are required, what is the percentage of 

sulfur in the steel? 

Ans. 0.0576 per cent. 

691. 20.00 ml, of thio,sulfate (1.000 mi. = 0.03750 gnim ( 'uSO.i.SII/)) 
aie lequiied loi a certain weight oi pyrolusite by the Bunsen iodiinctric method 
what weight of HjC, 04 . 2 H 20 should be added to a .similar sample to require 
20.00 ml. of 0.1000 N KMnOi by the commonlv used indirect method’ In 
the Bunsen method MnA is reduced by HCl,' the Cb liberated from the 
latter is passed into 1\I solution, and the liberated iodine is titrated with 
thiosulfate. 

■Iws. 0.3,154 gram. 


692. Titrating with 0.05000 N iodine, wind weight of stibiiite ore .diouid be 
taken so that the percentage of Sb^Ss in the sample will be 1 }A time.s the buret 
reading? ^ (SbO^^ + I2 + 2HCOr SbO,r -f 21' + 2Col + HoO). How 
many millimoles of NaoS/la.oIhjO is each liter of the above iodine equivalent to? 

d/ws. 0.2831 gram. 50.00 milliiiioles. 

693. ,A sample of sod,ium suliite w^eighing 1.46S grams was added to 

.100 ml. of 0.1000 X iodine. The excess iodine was titrated with •i2.40 ml. of 
Xa2Si;0;;.5H20 Sfilutioii of which 1 .000 nil, was equivalent to the iof line lil.>erated 
from 0.01574 gram of KI, Calculate the percentage of in the sample. 

Ans. 25.67 per cent. 

694. A sample of stibiiite containing 70.00 per cent Sb is given to a student 
for analysis. lie titrates vrith a solution of iodine of which hc^ had fourui 
1.000 ml to be equivalent to 0.004048 gram of AsAi. The normality of the 
solutio!!, however, had changed, owing to volatilkation of iodine, and the 
student reports 70.25 per cent .Sb. What are the percentage emu an«i the 
present normality of the iodine solution, and how much 0.2000 X Iodine .<olin 
tion must be added to one liter of the solution to bring it back to its original 
strength? (SbOs^^ + I2 + 2HCO3- SbOh"" + 21“ + 2CO2 + HiiO.) 

A?is. 0.36 per cent, 0.09965 X. 3.5 ml. 

695. A sample of impure potassium iodide weighing 0.3100 gram is tr<?ated 
with 0.19-12 gram (- 1 millimole) of K.CiA and 20 mi. of 0 X H2SO.1 and the 
solution is boiled to e.xpel all the free iodine formed by the reaction. The 


SI 
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solution containing the excess chromate is cooled, treated with excess KI, and 
the liberated I2 titrated with 0.1000 N Na2S20s, requiring 12.00 ml Calculate 
the percentage purity of the original potassium iodide. 

Ans. 96,38 per cent. 

S96. A standard stock solution is made by dissolving 50.0 millimoles of 
KIOs and 100 grams of KI in water and diluting to 10.00 liters. A sample 
of Bureau of Standards steel weighing 5.00 grams and certified to contain 
0.0530 per cent sulfur is treated with HCl. The sulfur is liberated as HoS, 
caught ill ammoiiiacal zinc sulfate solution, and eventually titrated in the 
presence of acid with the above-mentioned stock solution. What volume is 
required? What is the oxidizing normality of the iodate solution? How 
many grams of KI in excess of the theoretical amount were used in preparing 
the stock solution? 

Arts. 5.52 ml 0.0300 N. 5S.5 grams. 

697. The copper in a 0.2500-gram sample of copper ore is treated in 
solution with excess Ivl and the liberated iodine titrated with 16.50 mi. of 
Na-’S-iOs (1.000 ml. =c= 0.003619 gram KBrOs). What is the purity of the ore 
expressed in terms of percentage of CU2S? 

An,s. 68.28 per cent. 

698. If the arsenic trichloride from 50 grams of impure copper is distilled 
off, absorbed in dilute alkali, and finally oxidized by 20 ml. of 0.0200 K 
iodine solution, find the percentage of arsenic in the sample. 

Am. 0.030 per cent. 

699. A mixture of AS2O3 and AS2O5 and inert matter is dissolved and titrated 
in neutral solution mth 0.05000 N I2, requiring 20,10 ml The resulting solu- 
tion is acidified and excess KI is added. The liberated I2 requires 29.92 ml. of 
0.1500 N Na2S203. Calculate the number of grams of combined AS2O3 + AS2O5 
in the sample. 

Afis. 0.2498 gram. 

700. A mixture of pure potassium permanganate and pure potassium 
chromate weighing 0.2400 gram, when treated with KI in acid solution, 
liberates sufficient iodine to react with. 60.00 ml. of 0.1000 N sodium thio- 
sulfate solution. Find the percentages of Cr and Mn in the mixture. 

Ans. Cr = 11.0 per cent, Mn = 20,5 per cent. 

701. A sample of pyrolusite is treated with HCI, the liberated chlorine is 
passed into potassium iodide, and the liberated iodine is titrated with Na2S203 
solution (49.64 grams of Na2S203.5H20 per liter). If 38,70 ml are required, 
what volume of 0,2500 N KMnOi would be required in an indirect determina- 
tion in which a similar sample is reduced with 0.9000 gram of H2C2O4.2H2O 
and the excess oxalic acid is titrated with the KAIn04? 

A 71 S, 26.16 ml ■ . 

702. One milliliter of a thiosulfate solution is equivalent to 0.005642 gram 
of copper and is also equivalent to 1.50 ml. of a certain iodine solution. Cal- 
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eulate the value of one milliliter of the iodine solution in terms of crams of 
(a) Sb, (&) As, (c) AS 2 S 3 , (d) Sb 203 . 

703. Calculate the percentage of iron in a sample of crude ferric chloride 
weighing 1.000 gram if the iodine liberated by its action on an excess of potas- 
sium iodide is reduced by the addition of 50.00 ml. of NasSjOa solution and the 
excess thiosulphate is titrated with standard iodine, of which 7.85 ml. .are 

required. 


45.00''ml. iodine 

45.00 ml. arsenite solution 

1.000 ml. arseiiite solution 


= 45.95 ml. thiosulfate 
= 45.20 ml. iodine 
= 0.00516 gram AsoOs. 


704. What weight of copper ore should be taken for analysis so that when 
the copper is determined by the regular iodimetric method using 0.05000 X 
sodium thiosulfate, the buret reading will be two-thirds tlie per cent CiiS in 
the ore? What is the molarity of the thiosulfate solution? W' hat volume of 
KMn 04 (1.000 ml. =c= 0.0005493 gram of Mn by the Volhard method: 

+ 2 Mn 04 -f- 2 ZnQ — h MnOo -j- 2Zri'*”’' 2 H 2 O) will resict with a n 

excess of soluble iodide in the presence of acid to require 20.00 ml of the above 
thiosulfate for reduction? 

705. A special analysis calls for the preparation of an exactly 0.1000 X 
solution of sodium thiosulfate. The usual method is to prepare a solution 
of slightly greater strength and standardize it, subsequently diluting with a 
calculated and carefully measured amount of wmter. In this case a stand- 
ardization of the diluted solution was also made to ensure its aecuracv. 
The data follows 


Fihst Standardization 

Pure Cu, grams Thiosulfate, ml. 
0.2604 37.98 

0.2692 39.24 

0.2576 39.04 


Second Standardization 
Pure Cu, grams TMosulfate, ml. 

39.09 


0.2492 

0.2507 

0.2631 


39.27 

41.28 


Calculate the volume of water necessarj?- to reduce 1,000 mi. of the first 
solution to a normality of 0.1000, and calculate the amount that apparentlj^ 
w\as actually added. 

706. If 50.00 ml. of an iodine solution are exactly equivalent in oxidizing 
power to 49.47 ml. of a K 2 Cr 207 solution of wdiich 1.000 ml. will liberate 
0.004263 gram of iodine from KI, calculate the normality of eacdi solution. 

707. Pure K 2 Cr 207 , weighing 0.3321 gram, wms boiled with an excess of 
strong HCl. The evolved chlorine w^as passed into a soluton of KI, and the 
I 2 ' liberated was titrated with 68.21 ml of Xa 2 S 203 solution. Calculate the 
normality of the Na 2 S 203 solution, 

708. What must be the normality of a standard iodine solution so that, 
if a 0.5000-gram sample of stibnite (impure SboSs) is taken for analysis, the 
number of milliliters of solution may represent directly the percentage of 
antimony? (SbOs” + h + H 2 O Sb 04 ® -h 2H+ -b 
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709. A powder consists of a mixture of N‘a3As04.12H20j Na-iHAsOs, and 
inert matter. It is dissolved and titrated in neutral solution with. 0.08100 N I2, 
requiring 15.60 ml. T,he resulting solution is acidified and excess KI is added. 
The liberated iodine requires 18.58 rol. of 0.1200 molar ]Ma3S203 solution. 
Calculate the amount of 5-valent and of 3-valent arsenic in terms of grams of 
NasAs0.i.l2H20 and grams of combined As^Os, respectively. 

710. What v^^eight c>f sulfite liquor should be taken for analysis so that 
the milliliters of I2 solution required (1.000 ml. =0= 0.0125 gram Na2S20s.5H20) 
and the percentage total SOo shall be in the respective ratio of 20:3? 

711. If the amount of copper in a' carbonate ore, expressed in, terms of 
percentage Cii2(0H)2C03 is 53.05 and if 25.72 mi. of Na2S202 are eventually 
required to titrate the iodine liberated from excess KI by the copper from a 
half-gram sample, what is the value of 1.000 ml. of the thiosulfate in terms of 
grams of (a) KBrOa, (h) KHCIOg).? 

712. The sulfur from a 5.00-gram sample of steel is evolved as H2S and 
everitualij^ titrated in the presence of acid with standard iodine solution 
(1.00 mi. 0.004945 gram As20s), of which 1.90 ml. are required. What is the 
percentage of sulfur in the steel? If a standard potassium iodate-iodide 
solution had been substituted for the standard iodine and a volume identical 
with the above had been required, how many grams of KIO 3 would have 
been present in each milliliter of the solution? Could the iodate solution 
have been standardized against pure AS2O3, as the iodine solution was? 
Explain your answer. 




CHAPTER XIV 

PRECIPITATION METHODS 
(PPECIPITIMETRY) 

95* Equivalent Weights In Precipitation Methods —In precipi- 
tation (or saturation '0 methods a substance is titrated with a 
standard solution of a precipitating agent. At the completion of 
the precipitation the precipitating agent reacts with an indicator 
and a color change takes place. For example, in tlie Volhard 
method for silver, silver ions are titrated with a standard solution 
of potassium thiocwanate (Ag+ + CNS~ AgCNS ) and the caul 
point is determined by the red color formed when an additional 
drop of the thiocyanate reacts with ferric alum indicator + 

4CNS- "H. Fe(CNS)r). 

Similarly silver ions and halide ions can be titrated in neutral 
solution with standard NaCl or standard AgNOg using certain so- 
called adsorption indicators {e.g,, fluorescein), wdiich form colored 
compounds on the surface of the particles of precipitate and give 
a change of color at the equivalence point. . 

In determining the equivalent weight of. a constituent being 
precipitated, 1.008 grams of hydrogen ion is again taken as the 
standard of reference. The equivalent weight is that weight which 
in precipitation reacts with the equivalent of that amount of hy- 
drogen ion. Here the point of view' is that of general metathesis 
rather than that of neutralization (as in acidimetiy) or of oxidizing 
power (as in oxidimetry). Knowledge of \mlenfie and a simple 
inspection of the equation usually suffice to 'determine the correct 
equivalent- wmight. In a great majority of cases tlic gram-equiva- 
lent w'dglit is found by dividing the formula weiglit by the net 
number of charges on the -constituent actually taking part in the 
reaction.' 

In the , reaction, betw^een silver, nitrate- and sodium ebloride 
(Ag'^’+ CK —> AgCI ) the equivalent w^eights of the reacting sub- 
stances are yAgNOs/l'.and NaCl/lv respectively. In the reaction 
betw'een barium chloride and sodium sulfate (Ba*^"^' •+- SO.r 
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BaSO .i) the equivalent weight in. each case is one-half of the mo- 
leciilai’ voiglit. The equivalent weight of anhydrous disodiiim 
pliosphate as an acid is Na2HP04/l = 142.05; as a sodium salt, 
Na2HP04/2 = 71.03; and as a phosphate, Na2HP04/3 = 47.35. 

Reactions in this class may be direct or indirect. That is, the 
titrating solution may be added in amounts just sufficient to pre- 
cipitate all of the substance to be determined; or in certain cases 
an excess of the precipitating agent may be added and the excess 
titrated by means of a precipitating agent. Because of the diffi- 
culty of finding suitable indicators to show the completion of the 
reactions a great many precipitating reactions cannot be used 
satisfactorily for quantitative titrations. 

The VoUiard method for silver is a direct method and is illus- 
trated in Example I below. The Volhard method can also be 
applied as an indirect process to the determination of chloride, 
bromide, iodide, cyanide, and thiocyanate. This is illustrated in 
Example II below. 

Example I. — What is the percentage of silver in a coin, if a 
0.2000-gram sample requires 39.60 ml. of potassium thiocyanate 
solution (0.4103 gram of KCNS per 100 ml.) for the precipitation 
of the silver? 

Ag+ + CNS"-> AgCNS 

Solution: A liter of the KCNS solution contains 4.103 grams 
of the salt. Its normality is 

4.103 4.103 


39.60 X 0.04223 X 


KCNS/1 97.17 
Ag 


= 0.04223 


1,000 


0.2000 


X 100 = 90.20 per cent Ag. Ans. 


Exa:mple 1 1. — A sample of impure strontium chloride weighs 
0.5000 gram. After the addition of 50.00 ml, of 0.2100 N AgNOg 
and filtering out of the precipitated silver chloride, the filtrate 
requires 25.50 ml. of 0.2800 N KGNS to titrate the silver. What 
is the percentage of SrCb in the sample? 

Solx:tion: , 

Millieqiiivalents- of AgNQs added = 50.00' X 0.2100 = 10.50 ■ 

Milliequivalents of KCNS required == 25.50 X 0.2800 = 7. Id- 
Net milliequivalents - 10.50 — 7.14 — 3.36 




! 
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3.36 x|^ 

Per cent SrCla = — — X ^-^0 - 53.3 per cent. Ans. 

Example IIL— A sample of feldspar weighing 1,500 grams is 
decomposed^ and eventually there is obtained a pure mixture of 
KCl and NaCl weighing 0.1801 gram. These chlorides are dis- 
solved in water^ a 50-mL ^pipetful of 0.08333 N AgNOs is added, 
and the precipitate filtered off. The filtrate requires 16.47 mi, of 
0.1000 N KCNS, ferric alum being used as iiidicatoF. Calculate 
the percentage of KgO in the silicate. 

Let X = grams of KCl obtained 
Then 

0.1801 - - grams of NaCl 


Total millieqiiivalents of mixed halides = 


KCl/LOOO ‘ 


0.1801 -:i; 

NaCi/LOM 

+ oA = (50 X 0.08333) - (16.47 X 0.1000) 


KCl/1,000 ^ NaCl/1,000 

a: = 0.1517 gram KCl 

0.1517 X K20/2KCi 


1.500 ■ 


X 100 = 6.40 per cent. Ans. 


Problems 

713. What volume of 0.1233 N silver nitrate solution is required. to pre- 
cipitate the chlorine from a sample of rock salt weighing 0.2280 gram and 
containing 99.21 per cent NaCl and no other halide? 

Ans, 31.37 ml. 


714. What volume of 0.08333 N BaCla solution is. required to precipitate 
the sulfur' from a solution containing 0.2358 gram of FeS04.7Ha0? 

Am, 20.36 ml. 

715. A solution of a soluble phosphate that is 0.2000 N as a pj’cci pita, ting 
age'iit is used to precipitate the magnesium as MgNlhPO^ from a. J.OOO-grnm 
sample of dolomite containing 14.01 per cent MgCOs. What 'volume is ixHii ured? 

Ans,. 16.62 ml, 

. ' 71S. a; solution of' K-CrgO? which is 0.1121 normal as an oxidizing agent 
is 'used to precipitate , BaCr 04 from 0.5060 gram of BaCl2.2H20. What is the 
normality of' the solution, of ,E 2 Cr 20 ^ as a precipitating agent, and what veil nine 
■is'.'Teq'iiired?:' '■ 

An^. 0.07473 N, 55.42 ml. 
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717. What volume of oxalic acid solution which is 0.2000 N as an acid is 
required to precipitate the calcium as CaC 204 .H 20 from 0.40SO gram of 
cement containing 60.32, per cent CaO? What is the normality of the oxalic 
acid as a precipitating agent? 

Ans. 43.8S ml. 0.2000 N. 

718. Ill the volumetric analysis of a silver coin containing 90.00 per cent Ag, 
a 0.5000'graiii sample being used, what is the least normality that a pota'r- 
sium tiiiocyanate solution may have and not itiqiiire more than 50.00 ml, of 
solution in the analysis? 

0.08339 N. 

719. Pure element-ary arsenic weighing 0.1500 gram is dissolved in HAU; 
(forming HaAs0.d. The resulting solution is made neutral and then trf%*'ii'cd 
with 150 mi. of 0.00667 1\I AgXO;j which precipitates all the arsenic as 

The precipitate is washed, dissolved in acid, and the silver in the resulting 
solution of the precipiude is titrated with 0.1000 A I KCX8 using ferric ions as 
indi('ator. Row mail}' milliliters are required? 

Aws. 60.06 ml. 

720. What is the percentage of bromine in a sample of bromide if to 1.600 
gi'ains of the sample are added 52.00 ml. of 0.2000 \ AgNOs solution and the 
excess silver requires 4.00 ml. of 0.1000 N KCNS solution for the precipitation 
of AgCNS? 

Am. 49.95 per cent. 

721. The jjurity of soluble iodides is determined by precipitating the iodine 
with an excess of standard silver nitrate and titrating the e.xcess AgNOs 
witli thiocyanate solution. The silver nitrate is made by dissolving 2.122 
grams of metallic silver in nitric acid, evaporating just to dryness, dissolving 
the residue in water, and diluting to exactly 1,000 ml. From a buret 60.00 ml. 
of this solution are added to 100.0 ml. of a solution of an iodide and the excess 
is titrated with 1.03 ml. oi thiocyanate solution of which 1.000 mi. will pre- 
cipitate 0,001247 gram of silver as AgCNS. Calculate the grams of iodine 
present as iodide in the 100-ml. portion of the solution. 

Am. 0.1482 gram. 

722. A mixture of pime LiCi and Bal 2 weighing 0.6000 gram is treated 
vvith 45.15 ml, of 0.2000 normal AgNOs solution, and the excess silver is then 
titrated with 25.00 nil. of 0.1000 N KCNS solution with ferric aluiTi as an 
indicator. Find the percentage of iodine present in the mixture. 

44.61 per cent, 

723. A sample of feldspar contains 7.58 per cent Na20 and 9.93 per cent 
K-iO. What must he the normality of a silver nitrate solution if it takes 22.71 
ml. of it to precipitate the chloride ions from the combined alkali chlorides 
from a 0. 1500-gram sample? 

Ans. 0.03005 N. 
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I 724. A sample of greensand weighing 2.000 grams yields a mixture of NaCi 

and KCi weigliing exactly 0.2558 gram. After the chlorides have been dis-'' 
solvedj 35.00 ml. of 0.1000 N AgNOa are added to precipitate the chlorine 
and the excess is titrated with 0.92 ml. of 0.02000 ISi thiocyanate soiiitiori. 
Calculate the percentage of potassium in the sample, 
j 6,36 per cent. 

{ 726. A 1.000-gram sample of feldspar containing 3.05 per cent AhiaO and 

10.0 per cent K2O is decomposed with CaCOg + ]S[H4C1 and eventually y ields 
! a residue of NaCl + KCI which is treated with 75.0 nil of 0,06667 'M.. AgNOg. 

'! The precipitate is filtered off and the filtrate titrated with. 0.1000 M KCNS. 

How many milliliters are required? 

I Ans. 18.93 ml. 

! '726. How many .milliliters of 0.2500 N AgNGs solution are recpiired to 

; precipitate all the chlorine from a solution c?ontaiixing 0.56SO gr-nni of 

I BaCl2.2H20? 

i 727. How^ many milliliters of a solution of Ka2HP04. 121120 w].iicb is tenth. 

normal as a sodium salt are required to precipitate the caleium as Ca;s(P04)2 
from a solution containing 0.5000 gram of Ca(N03)2? 

728. How many milliliters of K2Cr207 (1.000 inl. 0.01597 gram. Fe-jOa) 
will precipitate ail the lead as FbCr04 from a solution containing 0.2510 gra,Tn 
of Pb(N03)2? 

729. To precipitate the sulfur from a certain weight of ferrous amriioiiiiim 
sulfate contaminated with silica and water requires a number of milliliters 

i of 0.2000 N barium chloiide solution exactly equal to the percentage of iron 

in the sample. What is the weight of sample? 

I 730. , III the analysis of a sample of silicate weighing 0.8000 gram, a mixture 

I ^ of NaCl and KCi weighing 0.2400 gram' was obtained. The chlorides were 

i dissolved in water, 50.00 mi. of 0. 1000 N AgNGs added, and the ex(*ess of silver 

titrated with. KCNS solution, ferric alum being used as an iraiicator. in the 
last titration, 14.46 ml. were used, and the reagent was exactly 0.30 per centi 
■ stronger i,ii .normality than the ^IgNOs solution. Find the percentage, of iv^O 
. , „ and of Na20 in the sdicate. 

731. A sample .of feldspar contains 7.73 per cent Na^O and 9.17 per cent 
K2O. What must be the normality of a silver nitrate solution if 25.18 ml. 

' precipitates the chloride ions from the com.bmed. ciilorides in a sampie weigliing 
: 0.1500 gram? 

. 732. A mixture of pure clilorides .of potassium, lithium, and sc^diiun weigh- 
ing 0.4S00 gram is obtained from 1.600 grams of a silicate. The ehk»nne in 
this mixture is equivalent to 80.00 ml. of 0.1110 N silver nitrate solid it m, and 
the potassium is equivalent to 0.1052 gi*am of K2PtClc. Compute the per- 
centage of K2O and of LisO in the silicate. , 

733. A mixture of LiCl and BaBr2 weighing 0.5000 gram is treated with 
37.60 ml. of 0.2000 N silver nitrate and' the excess of the latter titrated with 




calculations of analytical chbuistry 

“iMion. Find th. p,„.nt.K B. i. u.. 


mixture. 

734. Express the calculation of the per cent N’*']/') in .1 4 

added to precipitate the chlorbrfrom thSe^ diloride^’^'^l "ystais 

grams. Volume of D normal KCiYs? ■ f Sive an excess = C 
ions = Emi. tl>e excess silver 
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COMPLEX-ION FORMATION METHODS 
(COMPLEXIMETRY) 

96. Equivalent Weights in Complex-ion Methods.-- Roaclifnis 
in Avhich complex ions are formed are conmion in chemistry, par- 
ticularly in qualitative analysis, and many of them should already 
be familiar to the student. Typical cases where complex ions m-e 
formed are the following: 

Ag+ -f 2NH4OH Ag(NIi3)2+ + 2H2O 
Cd++ -f 4 CN- CdfCNjr 
Sn++++ -b 6C1- -> SnCh” 

Hg++ + 41- Hgl.- 

TJnfortunately, because of lack of suitable indicators, few of the 
many reactions of this class can be used as a basis for a volu- 
metric analysis. Most of those that are in common use are cov- 
ered by the examples and problems below. 

The gram-equivalent weight of a substance involved in a com- 
plex-ion forming reaction is based as usual on 1.008 grams of H+ 
as the standard of reference. As in all previous cases, if one for- 
mula weight of a substance reacts with A hydrogen equivalents, 
its equivalent weight is its formula weight divided by A. The 
milliequivalent weights of the metal ions in the above four equa- 
tions are Ag/2,000, Cd/4,000, Sn/6,000, and Hg/4,00(), respect- 
ively. Conversely, the equivalent weight of CN~ in the second 
reaction is 4CN/2,000 = CN/500, each atom of Cd being con- 
sidered as equivalent to 2 atoms of H+. 

Ek.imple I. Liebig Method. — How many grams of XaGN 
are present in a solution that is titrated just to a permanent 
turbidity vnth 26.05 ml. of AgNOs solution containing 8.125 grams 
of AgNOs per liter? 

Solution: 
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1 he next drop of AgNOs gives a permanent precipitate of AgafCN), 

■which serves as the indicator for the above reaction. 

Ag(CN)r + Ag+ ^ Ag(C^, (indicator) 

Nomality of AgNOs = = 0.04782 N 

The millieqnivalent weight of NaCN in this case is not NaCNA 
1,000 since to cyanide ions react with Sne silver ion in the titra- 
tion. Ihe millieqnivalent weight of NaCN mav be considered 
here to be 2NaCN/l,000. “ ^nusmerea 

Tlieiij 

Grams NaCN = 26.05 X 0.04782 X = 0.1221 gram. .4 as. 

Or, from another point of view, if 26.05 ml. are necessarv to fomi 
the complex ion as shown above, then twice that amount is neces- 

sai.}' to piecipitate the cyanide completelv. 

2CN-’ + 2Ag-^-^A&(CN)2 

lliereiore, 

Grams NaCN -2X 26.05 X 0.04782 0.1221 g..a„. 

EX.4.MPLK II.~A solution contains KCN and KCI. It is titrated 

fcm^^ “i • “pf added and the precipitates of 

0.08333 A KCNS to give a red color with ferric indicator How 

“dofKClarepresentintheoriginalsoiution? 

15.00 X 0.1000 X ^ = 0.1953 gram KCN. Ans. 

Total volume AgNOs added = 15.00 + 32.10 = 47.10 ml. 

AgNOs required to precipitate KCN completely as 

Ag2(CN)2 = 2 X 15.00 = 30.00 ml. 
47.10 - 30.00, = 17.10 ml. AgNOs (reacting with KCI and giving 
, Txxx, excess) 

(17.10 X 0.1000) - (7.20 X 0.08333) X j— = 

0.08276 gram KCI. :Ans>: 
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Example IIL Volumetric Nickel— How many gi-ams of Ni 
are contained in an ammoniacal solution that is treated ivith 
49.80 ml. of KCN solution (0.007810 gram per milliliter) and the 
excess RCN titrated with 5.91 ml. of 0.1000 N AgNOs, HI bein*^ 
used as an indicator? ’ ‘ ^ 

Solution: The essential reactions are 

Ni(NH3)6++ + 4CN-'+ 6H2O — > Ni(CN)4= + f)NH40H 
2CN- + Ag+ Ag(CN)2- 

Unlike the Liebig method above, the formation of Ag2(CN)2 can- 
not be used as an indicator since this salt is soluble in NH4OH 
Instead, excess Ag+ is indicated by the formation of Agl which 
is insoluble in NH4OH. 



Normality KCN solution 


0.007810 
' KCN/1,000 


= 0.1200 N 


5.91 ml. AgNOa 5.91 X x 2 = 9.85 ml. KCN solution 


Net milliliters of KCN = 49.80 


(see Example I) 
• 9.85 - 39.95 ml. 


39.95 X 0.1200 X = 0.07032 gram Ni. Ans. 

E::^iMPLE IV. A volumetric method for zinc consists in titrat- 
ing it in acid solution with , a standard solution of K 4 Fe(CN) 6 . 
The reaction takes place in two steps, the net reaction being 

3Zn^-+ + 2Fe(CN)o^ + 2K+ K2Zna[Fe(CN)rj2 

lerric ions or iiranyl ions are used to indicate the completion of 
the reaction (by, form,mg a highly colored insoluble ferrocyaiiide). 
,If 15.5 mi. of a solution of Ii4Fe(CN)6 w,hich is tenth-normal as 
a .potass,ium salt is used in a given titration, what weight of zinc 
,is shown, to be present? 

Solotio,n: 

: 1 F.W. K4Fe(CN)6 as ,a„salt = 4 gm.-atoms 
; Therefore each gm.-atom Zn++ % gm.-atoms H+ ' 

= 0.380 .gram. ' Ans* 


» 
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Problems 

735. How many milliUters of 0.1000 N AgNO, are required to titrate to a 

iaiiit permanent turbidity a solution containing 10.00 millimoles of KCN? 

^4 ns. 50.00 ml. 

736. A solution coutaming KCN and KCl requires 20.0 ml. of 0.100 N 

AglSOs solution to titrate the KCN to a faint turbidity by the Liebig method 
Alter addition of 50.0 ml. more of the silver solution and filtering, thefiltrate 
requires 16 0 ml. of 0.125 NKCNS, ferric alum being used as an indicator. 
Calculate the number of millimoles of KCN and of KCl in the orimnal 
solution. ^ 

Ans. 4 millimoles KCN, 1 millimole KCl. 

737. A sample consists of 80.00 per cent KCN, 16.00 per cent KCl and 

of n half-gram sample would require how many milliliters 

oo nn, titration to a faint permanent turbidity? If 

‘ were added, bow many milliliters of 0.2000 molar 

ivOiNb wouid be required to complete the titration? 

Ans. 30.71 ml. 19,62 ml. 

738. A powder containing KCN, KCNS, and inert material weighs 1.200 

solution of it requires 23.81 ml. of 0.08333 N AgNOs to titrate 

^ solution is 

then added, and the precipitated AgCN and AgCNS are filtered. The filtrate 
requires 10.12 mi. of 0.09090 KCaNS for the e.xcess silver, ferric ions being 
used as the indicator. Calculate the percentage of KCN and of KCNS in the 
powder. 

Ans. 21.63 per cent KCN, 10.21 per cent KCNS. 

739. Zinc can be determined by direct titration with standard K4Fe(CN)6 
and the net reaction s as foUows: 3ZnCh + 2Ii4Fe(CN)s-,K.Zn3[Fe(CN)6]2 + 

vCL If the lv4Fe(CN)e is 0.1000 N as a potassium salt, what is the value 

o 1000 grams of Zn? If the K4Fe(CN)6 were 

0.1000 iA as a reducing agent (in reactions whei-e it is oxidized to ferricyanide) 
n hat would be the value of 1 ml. of it in terms of zinc? ’ 

Ans. 0.002462 gi-am. 0.009807 gram. 

740. Find the weights of cUssolved KCl, KCN, and KCNS in 500 ml. of a 
solution that analyzed as follows: 30.0 ml. of the solution titrated for KCN 
by the Liebig method reacted mth 9.57 ml. of AgNOa solution (16.0 grams per 

w!,« fi!t “i; W'ere added, and the solution 

n inn xt’t® enough silver to react with 9.50 ml. of 

A. PM , f precipitate was heated with HNO^ to decompose the 

AgCN and AgCNS, the H2SO4 formed was precipitated noth barium nitrate, 
and the solution then reacted with 58,4 ml. of 0.100 N KCNS. 

Ans. KCl = 0.85 gram, KCN = 1.83 grams, KCNS = 6.73 grams. 
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741. A solution containing millimole of KCl, milUmole of KCN, and 

M millimo e of RCNb is titrated with 0.0667 M AgNOs to a faint turbiditr 
requmng A ml. Then enough more of the AgNOa is added to make a, total of 
30.00 ml. o the Ag^ Oa. The precipitate is filtered off and the filtrate requires 
B ml. of 0.100 M KCRS to give a red color with ferric alum indic.utor. The 
precipitate is decomposed with concentrated HNO., and the solution is diluted 
which leaves only AgCl as a residue. The nitric acid solution containing the 
silver from the Ag^CN). and the AgCNS is titrated with 0.100 M KCNS 
requiring C ml. What are the values oi A, B, and C? ’ 

Ans. A = 2.50, B = 9.17, C = 5.83. 

742. A nickel ore contains 10.11 per cent Ni. A half-gram sample is decom- 
posed and the ammoniacal solution treated wuth 60.00 ml. of a 0.08333 M 
solution of KCN. A little KI is added as an indicator and the solution is 
titrated with 0.06667 M .^gNO^ to a faint permanent turbidity. What volume 

of the AgNOs is required? 

Ans. .11.65 ml. 


743. Find the percentage of nickel in an ore if the sa,mple weights 0.3000 
gram and the aninioniacal solution is treated with: 20.00 ml. of KCN (3,1.2 
giams pel litei) and then requires 14.00 ml. of AgNO^ (25.5 grams per liter) 
KI being used as an indicator, ” ^ 

Ans. 26.4 per ce,nt. 


744. Wliat weight of KCR is equivalent to 30.00 ml. of AgNO,, solution con- 
taining lo.OO grams per liter (u) by the Volhard method for cyanide and (h) bv 

the Liebig method? 

745. A sanip.]e of impure .KCN weighs 0.950 gram and requires 22,0 ml. 
of 0.0909 N AgNOs to obtain a turbidity in the Liebig titration. What is the 
percentage of KCN? If the sample contained a., Iso 0.102 gram of NaCl, what 
additional volume of AgNO.^ would be required for complete precipitation? 

746. ^ A sample containing KCN weighs 1.000 gram and reqijii*es 24.00 rnl. 
of 0.08333 N AgNOs solution to obtain a faint permanent turbidity. Wliiit i.s 
the percentage of KCN? If the sample also co,ntained 10.00 per cent KCl, 
what voIu.,me of the AgNOs solution would be required to precipitate the KCN 
, and KCl completely? 

^ 747. Ab solution is known to contain dissolved KCl, KCNS, a.nd KCX. 
A lie foolutioji is titrated to a faint turbidity by the Liebig method for cyanide 
wth 25.00 ml. of 0.0880, N.AgNO.^ solution. A 100-mL pipetful of the A.gNO .3 
fe then adcled and the solution is filtered; the excess silver in. the filtrate requires 
50.4 ml. ol, 0.0833 N KCNS solution. . The precipitate of the three silver salts 
IS hoiled with HNO^,. which decomposes 'the AgCN and' AgCNS :and leaves 
the AgCI,„ wliieh .is .filtered off. The filtrate requires 65.0 ml. of the a, hove- 
mentioned KChiS. solution of the silver. ^ .Calculate the number of .milligrams 
of KCN,. ,KG1, and KCNS in the original solution. ■ 
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748« A mixture of KCNS, KCN, :KCi weighing 0.687 gram reacts mtli 
30.0 ml. of 0.0500 K AgNOs in the Liebig titration and with 150 ml. more in the 
Volhard titration. Find the percentage composition of the original powder. 

^ 749. What is the percentage of nickel in an ore if the ammoniacal solution 
of a 1.000-gram sample is treated with 3.255 grams (~ 50 millimoles) of KCN 
and the excess KCN requires 50.00 ml. of 0.1,000 .molar AgNOs to obtain a 
turbidity with KI indicator? 

7i0. The Ni in a 0.9000-grani sample of ^millerite is converted to the 
ammonia complex, and to the so,lution are added 0.25 ml of AgNO^ solution, 
containing 20.00 grams AgNOs per liter, and 5.00 ml. of a KI solution that 
serves as t.he indicator. By addition of two 10-ml. pipetfiils of KCN. solution 
(13.00 gi-ams KCN per liter) the turbidity due to the .Agi is found to have 
disappeared, but it just reappears on addition of exactly 1.50 ml. .more of the 
AgNOs. Calculate the percentage of Ni in the millerite. 

751. How many grams of copper are represented by each milliliter of KCN 
in the cyanide method for determining copper (see Part VI, under Copper), if 
each milliliter of the KCN is equivalent to 0.01000 gram of silver by the Liebig 
method? 





PART IV 

ELECTROMETRIC METHODS 


Chapter xvi 

POTENTIOMETRIC TITRATIONS 

97. Potentiometric Acidimetric Titrations.— In a potentiometric 
titration the principles discussed in Chap. VI are applied in a 
practical way. Suppose a solution of hydrochloric acid is to be 
titrated potentiornetrically with a standard solution of sodium 
hydroxide. One method is to use a hydrogen electrode (con- 
sisting of a platinum electrode coated with platinum black and 
over which pure hydrogen gas is allowed to bubble) immersed in 
the solution. This is one half cell. The other half cell is a calomel 
cell. This consists of a tube containing free mercury in contact 
mth a solution saturated with mercurous chloride and usually 
either one molar with respect to chloride or saturated with po- 
tassium chloride. The two half cells are connected by means of 
a capillary tube filled with potassium chloride solution. ' The Avhole 
cell (assuming one-molar chloride to be used) is expressed as 
folloAvs: 

Hg j Cl“ (1 molar), J'^Hg 2 Cl 2 1| H+, J 4 H 2 (1 atmosphere) | Pt 


At 25° the electrode potential of this so-called normal calomel cell 
is -fO.285 volt (see Table XI, Appendix). Using satxirated KCl, 
the potential is -f 0.246 volt. 

(1) Hg -f Cl” = J'^Hg2Cl2 -p € El = -1-0.285 

(2) (1 atmosphere) = H+ -f e 

0.0591 , [PI+] 


E2 - Ei + - 


log 


E = Ei 

pH = -log [H+] 


1 - (press. H 2 )'h 

= 0 + 0.0591 log [H+] 

Ea = 0.285 - 0.0591 log [tl+] 

E - 0.285 


0.0591 
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By measurement of the e.mi. of the cell^ the pH value of the solu- 
tion can be determined from this formula. Furthermore; the pH 
values of the solution can be determined in the same way at suc- 
cessive points in the titration and those pH values plotted against 
corresponding buret readings. There is obtained a curve similar 
to curve (A) (A) in Fig. 3, Sec. 82. If the nearly vertical line of 
inflection is bisected, the volume of titrating solution correspond- 
ing to the equivalence point can be read off. Since the titration 
is independent of color indicators, the titration can be as suc- 
cessfully carried out in a dark-colored or turbid solution as in a 
colorless one. Plotting the results of potentiometric titrations of 
weak acids like acetic acid and weak bases like ammonia gives 
curves like (C) (C) and (D) (D) in Fig. 3, and the pFI value at 
the equivalence point or at any other stage of the titration can 
be readily found in each case. 

Example. — If, at the equivalence point in the titration of a 
certain solution of acetic acid, pH - 9.10, what e.m.f. should be 
given by the cell made up of this solution in contact with a hy- 
drogen electrode and a normal calomel half cell? 

Solution: 

E - 0.285 
0.0591 

9.10 X 0.0591 ^ E- 0.285 

E - 0.823 volt. Afis, 

98, Simple Potentiometric Titration Apparatus. — The essential 
parts of a potentiometric titration apparatus of the type discussed 
above are showm in diagrammatic form in Fig. 7. An outer cir- 
cuit consists of a storage battery a rheostat 12, and a slide wire 
AIO, of uniform diameter. The inner circuit consists of a sensi- 
tive galvanometer G, a key for closing the circuit, and the cell 
to be measured. The direction of the current in the inner circuit 
opposes. that in the outer circuit so that, w%en the position of N 
on the slide wire is adjusted so that the twm voltages are equal, 
no current will flow through the galvanometer. , In, determining 
the voltage of the .cell to be’ measured, the, position ' .of N' on the 
slide wdre is adjusted until the galvanometer needle no longer de- 
flects w^hen the key is momentarily closed. . The distance ilFA 
along the slide wire is then a measure of the desired voltage. If 
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a standard Weston cell of kno™ voltage is previously inserted in 
place of the cell to be measured, the resistance at R can be so ad-^ 

Justed that the scale divisions beside the wire will directly rp<ri.iler 
millivolts or some simple 

multiple thereof. WNMiwww 

As a matter of fact, i — 1- j g 

the purpose of a potentio- ® 

metric titration is usually * 

to establish the buret - n 

reading at the equiva- I ^ 

lence point rather than to 

determine voltages or pH 

values with a high degree 

of precision. Since the 

buret reading at the 

equiva, lence point can be 1 r >. 

established from the mid- 111^1 

point of the inflection of ^ 

the curve obtained by 

plotting either e.mi. or titra 

pH values against corresponding buret readings, the use of a simpler 
apparatus than the one just described is possible. In this apparatus, 
a simple dry cell is substituted for the storage battery, and a simple 
voltmetei is used in place of the slide-wire arrang'emeiit. After the 
addition of each increment of titrating solution, the resistance at R 
is adjusted until, on closing the key, the galvanometer needle does 
not deflect. The voltmeter is then read directly. When these 
\ oltages aie plotted against buret readings, a curve is obtained 
that inflects sharply at the equivalence point. 

99. Quinhydrone Electrode.— Several substitutes for the hy(ln> 
gen electrode are available, their principal advantages being the 
elimination of the cumbersome purifying trains necessary for iJie 
hydrogen electrode. Among these substitutes is the quiniiydrone 
electiode. flhis consists of a few- crystals of quinhydrone added 
diiectl} to the solution to be titrated. A plain platinum wire 
serves as the metallic contact,' and a -calomel cell is- used as the ■ 
other half cell. 

^Wien quinhydrone is added to water, a very small amount dis- 
solves and dissociates into: an -equimolecular" mixture ,:of - qiii:iione ' 




-Potentioinetri c titration liook-up. 
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(C 6 H 4 O 2 ) and hydroquinone (C 6 H 4 O 2 H 2 ). These two substances 
are in equilibrium mth each other, as shouui by the equation 

C6H4O2H2 ^ C6H4O2 + 2 H+ + 26 

The potential of this electrode is a function of the hydrogen-ion 
concentration. 




2 

0.0591 


^ [C6H4O2H2] 
log [H+] 


- 0.700 + 0.0591 log [H+] at 25®C. 

Using a calomel cell as the other half cell and making it the nega- 
tive electrode in the outer circuit (positive to quinhydroiie in the 
inner circuit) we have 

El - -1-0.700 + 0.0591 log [H+] 

Et = +0.285 

S - El - ^2 = 0.415 + 0.0591 log [H+] 


or 


pH = -- log [H+] = 


0.415 - E 
0.0591 


In a titration, the quinhydroiie electrode being used, the value 
of E becomes zero at about pH == 7 ; and on the alkaline side of 
this point the calomel cell is used as the positive electrode, and 
the values of E are given a negative sign. Correct values are not 
obtained in solutions where pH > 9. 

100. Glass Electrode.— The glass electrode consists of a thin- 
walled bulb of special glass containing an electrode immersed in 
a standard reference solution (c.g,, a platinum wire in a qiiinhy- 
drone-hydrochloric acid solution). The glass bulb serves as a 
semipermeable membrane between the reference solution and the 
solution to be tested. Because of the high resistance of the bulb, 
a galvanometer of high sensitivity or an electrometer potentiom- 
eter is required to measure pH. In some forms the glass elec- 
trode is rather fragile, but this disadvantage is more than offset 
by the facts that ( 1 ) thei^e is no contamination of the solution 
being tested, ( 2 ) measurements can be made on very small volumes 
of solution, and (3) the presence of oxidizing or reducing agents 
does not influence the results of a pH determination. 
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Because of variations in composition of the glass used in the 
glass electrode, the formula for detemiining the pH value with a 
given electrode is usually provided by the manufacturer, but 
slight changes can occur over long periods of time ondng to crystah 
lization of the glass. 

Most modern portable pH meters use glass electrodes and calo- 
mel cells in compact form and are of such construction that pH 
values can be read directly from the instrument. By means of 
such a meter a pH measurement can be made \^eiy quickly, and 
the manipulative technique involved is hardly more than that of 
turning a knob and pressing a button. 

101. Potentiometric Redox Titrations.— The hookup for the 
potentiometric titration of a reducing or oxidizing agent is similar 
to that of an acidimetric titration except that a plain platinum 
wire serves as the electrode. 

Suppose a solution of ferrous sulfate is titrated with a standard 
solution of ceric sulfate (Fe++ + — > Fe+++ + Ce++‘‘'). Be- 

fore the equivalence point is reached, the principal equilibrium is 
that between ferrous and ferric ions (Fe++ = Fe+‘*-^‘ -1- e) and the 
ratio of the two concentrations changes rapidly. During this part 
of the titration the cell is represented by 


HHgaCh, Cl- (1 molar) Hg 


0.0591 , [Fe-HH-] 
n" ® [Fe++] 


[Fe-H-f] 

[Fe++] 


El = -+-0.285 (calomel cell) 


Beyond the equivalence point the predominating equilibrium 
that between cerous and ceric ions (00+"*^ = Ce++‘’"*' + e) . Di 
ing this part of the titration the cell is represented by 


HHg^Ch, Cl- (1 molar) Hi 
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Ei = ExO + 2:5^ loc [Ce+-n-+] 

^ ^ [Ce+^~"^] 

-+1.45 + 0.0691 log 1^3 

E 2 = +0.285 (caiomel cell). 

E^ Et-E,= 1.16 + 0.0591 log 

r [Ce+++] 

of a t35pical titration of this type is shown in Fig 8 
A\hen dicnromate is used for the titration of iron, the graph be- 

Sofof thr^Tf hydrogen-ion concentra- 


El = +1.30 -H 


0.0591 , ICr20r][H+]i« 


6 


los 


+ 1.50 


+1.20 

+ 1.10 


+ 0.80 

+ 0.70 

+ 0.60 


[Cr+++]2 

In all titrations of this kind when the potentials are plotted 
against volumes of titrating solution added, the equivalence point 

is found by bisecting 
the nearly vertical part 
of the curve. As a 
matter of fact, the 
change in e.m.f. is 
usually so great that it 
is often iimiecessary to 
tabulate the values for 
the e.m.f. in order to 
determine the volume 
of titrating solution 
corresponding to the 
equivalence point. .The 
titrating solution ' is 
added in small incre- 
ments until- the volt- 
meter . shows a very . .. 
sudden deflection, and'. 
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the volume is read directly from the buret. 

Potentiometric titrations can, of course, be applied to oxidation 
leactions other than the change from ferrous to ferric ions. The 
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e.m.f. at the equivalence point is different for different reactions, 
but the sudden change in voltage is common to all. 

102. Potentiometric Precipitation Titrations.— The potentio- 
metric principle can be applied to certain precipitation titratioms. 
For example, in the titration of silver ions with halide ions, the 
concentration of silver ions changes during the progress of the 
titration. Using a silver electrode and a regular calomel half cell, 
we have the cell " 

Ag } Ag+ |{ MHg 2 Cl 2 , Cl- (1 molar) j Hg 

El = +0.799 + jQg [Ag+] 

E 2 = +0.285 (calomel ceU) 

F = - £2 = +0.514 + 0.0591 log [Ag+] 

The graph of a titration of this type shows a sudden inflection at 
the equivalence point as in the ca.se of acidimetric titrations and 
oxidation titrations. 

Problems 

752. A cell made up of a certain basic solution and normal hydrogen- 
calomel electrodes gives at 25°C. an e.m.f. of 0,825 volt. What is the pH 
value and what is the hydroxyl-ion concentration of the solution? 

Ans. 9.14, 1.38 X 10“® molar. 

753. A certain solution of sulfuric acid has a hydrogen-ion coiiceritration 
of 3.60 X lO"*^. What is the pOH value? With .regular hydrogen-calomel 
electrodes, what e.m.f. could be obtained at 25°C.? 

Ans, 11.56. 0.429 volt. 

754. With quinhydrone-caiornel electrodes, approximately what c.iu.f. 
could be obtained at 25‘'C. with a 0.0500 N solution of acetic acid (ionization 
constant 1.86 X ' 10~^)? ■ What e.m.f. could be obtained fro,m the same solution 
containing an additional mole of acetate ion per 500 ml.? 

Ans. 0.237 volt. 0.041 volt. 

755. With qiiinhydj’ojTe-calomei electrodes, a tenth-molar solution of a 
certain monobasic acid at 25®C. gives an e.m.f. of 275 mv. What is Its 
approximate ionization constant? 

Ans.. 1.83 X' 10“1, 

756. What is the hydroxyl-ion concentration of a. solution which at 25'^C. 
and with quinliy drone-calomel electrodes gives an e.m.f. of zero? 

■: Ansy\ : 
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757. Calculate the potential at 25°C. obtainable from the cell, made by 
eoiiiiecti.ng the half cell: 

p Sn'^+ (0.0600 mola.r) 

^ Sn+++-*' (0.00100 molar) 

mill a calomel half cell. 

0.208 volt. 

758. Plot the following values of millivolts against milliliters of 0.100 
N NaOH in the potentiometric titration of 2.50 grams of vinegar, hydrogen- 
calomel electrodes being used, and calculate the percentage of acetic acid in 
the vinegar. At what volume of KaOIi is the solution neutral, and what 
volume corresponds to the equivalence point? What is the pH value at the 
equivalence point? 0,0 ml. ~ 420 mv.; 4.0 ml. = 475; 8.0 .ml. = 540; 

12.0 ml. = 5SS; 16.0 ml. = 620; 18.0 mi. = 638; 19.0 ml = 650; 19.4 ml = 
670;' 19.8 ml. = 790; 20.0 ml. = 830; 20.2 ml = 856; 20.5 ml. = 875; 

21.0 ml. = 900; 22.0 ml ='930; 24.0 ml. = 948; 28.0 ml = 970; 32.0 ml. = 
985. 

4.75 per cent. 19.2 ml, 19.8 ml. 8.65. 

769. A sample of sodium carbonate containing inert impurities weighs 
1.10 grams. It is dissolved in water and titrated potentiometrically with 
0.500 N HC4, normal hydrogen-calomel electrodes being used. Plot the 
following values of milliliters against corresponding millivolts, and calculate 
the approximate percentage of Na 2 COs in the sample. What are the 
pll values at the two equivalence points? 0.01 ml. = 928 inv.; 5.0 ml = 922; 

10.0 ml = 912; 12.5 ml = 900; 15.0 ml = 880; 17.5 ml = 838; 20.0 ml = 
762; 22.5 ml = 710; 25.0 ml = 696; 27.5 ml = 682; 30.0 ml = 669; 

32.5 ml = 650; 35.0 ml = 607; 37,5 ml = 484; 40.0 ml = 452; 45.0 ml = 
427; 50.0 ml = 416. 

Ans, 87 per cent. 9.1, 4.5. 

760. A sample of Na 2 C 03 is known to contain either NaOH or NaHCOa, 
together with inert matter. A sample weighing 1 .50 grams is titrated poteiitio- 
metrically vrith 0.600 N HCl Plot milliliters of acid against millivolts, and 
determine the approximate percentage composition of the sample. 0.1 ml = 
930 mv.; 5.0 ml = 918; 10.0 ml = 899; 12.5 ml = 872; 15.0 ml = 820; 

17.5 ml = 757; 20.0 ml. = 727; 22.5 ml = 708; 25.0 ml = 696; 27.5 ml = 
683; 30.0 ml = 668; 32.5 ml = 648; 35.0 ml = 606; 37.5 ml = 485; 40.0 
ml = 452; 45.0 ml = 427; 50,0 ml. = 416. 

Ans. 63.7 per cent Na 2 C 03 , 20.1 per cent NaHCOa. 

761. A sample of formic acid (HGOOH) is dissolved in water and titrated 
potentiometrically wdth 0.400 N NaOH, quinhydrone-calomel electrodes 
being used. Plot the titration curve from the following data, and calculate 
the pH value at the equivalence point. Approximately how many grams of 
fICOOH are shown to be present in the solution? 0.0 ml = 273 mv.; 

10.0 ml = 262; 25.0 ml = 242; 35.0 ml. = 225; 45.0 ml = 195; 55.0 ml = 
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approximate ionization constant of the base? What e.mi. would be obtained 
if 2.00 moles per liter of cation common to the base were introduced into the 
solution? 

769. Plot values on graph paper showing the relationship between milli- 
volts and pH values (a) when using normal hydrogen-calomel electrodeSj 
( 6 ) when using quinhydi’one-calomel electrodes. Include the range between 
pH = 14 and pH == — 2. 

770. Prove that in the potentiometric titratfon of ferrous ions with ceric 
ions the voltage at the equivalence point is given by the general expression 
El = {Ei^ -f EI^)/2. {Hint: At the equivalence point, not only is the reaction 

+ Qe-f'+'H- _ equilibrium, and hence Ei ~ but 

also [Fe'’-+] = [Ce+'^'^+l and = [Ce+'^+l.) 

771. In the potentiometric titration of 60.0 ml. of 0.100 N ferrous sulfate 
(diluted with water) with 0.200 N ceric sulfate, what should be the voltage 
reading (a) after 10.0 ml. of ceric sulfate has been added, (h) after 30.0 ml. of 
ceric sulfate has been added? 

772. The potentiometric titration of a 25-ml. pipetful of 0.268 N H 2 SO 4 
with NaCJH solution gave the following values of millivolts for the corre- 
sponding volumes of HaOH: 0.0 ml. = 369 inv.; 5.0 ml. = 378; 10.0 ml 
388; 15.0 ml. - 398; 20.0 ml - 406; 25.0 ml. - 420; 28.0 ml = 460; 

30.0 ml = 516: 30.5 ml. - 690; 31.0 ml. « 860; 35.0 mi. = 949; 40.0 ml. - 
966; 45,0 ml. — 982. Plot the millivolts of potential as ordinates against 
milliliters of NaOH as abscissas, and from the curve determine the pH value 
at the equivalence point and the normality of the NaOH solution. 

773. Make a graph for the following potentiometric titration of 40.0 ml. 
of 0.213 N H3PO4 diluted 'with water to 200 ml. and titrated with 0.200 N 
NaOH at 25°C., hydrogen-calomel electrodes being used. Calculate the 
pH value at which the replacement of the first and second hydrogens of 
H 3 PO 4 occurs. 0.0 ml. = 300 mv.; 5.0 ml. = 315; 10.0 ml, = 350; 13.0 ml. - 
385; 13.5 ml. = 398; 13.8 ml. = 405; 14.0 ml. =- 415; 14.2 ml. = 450; 14.4 
ml. = 525; 14.8 ml. = 555; 15.5 ml. = 566; 17.0 ml. = 580; 20.2 ml. = 603; 

25.0 ml. = 640; 27.5 ml. = 658; 28.5 ml = 675; 28.8 ml. = 685; 29.0 ml. = 
740; 29.2 ml. = 760; 29.5 ml. = 795; 30.0 ml. = 815; 31.0 ml. = 835; 

35.0 mi. = 870; 40,0 ml = 890. 

774. A cleaner is known to contain, in addition to inert material, either 
NaOH, Na'jCOs, or mixtures of these. The potentiometric titration of a 
1 . 00 -gram sample in 100 ml. of -water with 0.265 N HCl, regular hydrogen- 
calomel electrodes being used, give the following pH values: 0.0 ml. >= 11.70; 
5.50 ml = 11.68; 10.0 ml = 11.66; 20.0 ml = 11.60; 30.0 ml = 11.44; 

45.0 ml = 10.98; 55.0 ml = 9.75; 60.0 ml = 8.76; 62.0 ml = 7.66; 

64.0 ml = 6.31; 66.0 ml = 5.70; 68.0 ml = 5.40; 70.0 ml. = 5.05; 72.0 ml = 
4.81; 73.0 ml = 4.10;, 74.0: ml = 2.44; 76.0 ml = 1.94; 78.0 ml = 1.70; 

85.0 ml. = 1.41 ; 95.0 ml. = 1.16. 

Interpret the curve, statrng .wMch components are present and their 
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approximate percentages. What voltage, reading is obtained at the first 
point of inflection? ■ 

775. The chromium in 5.00 grams of steel was oxidized to dichromate and 
then titrated potentiometrically with 0.1039 N ferrous sulfate solution. Plot 
the curve, and compute the percentage of Cr from the following data wliich 
show volts X 10 against milliliters: 0.0 ml. == 6.50; 5.0 mi. = 7.90; 10.0 ml. = 
8.00; 15.0 ml. - 8.10; 20.0 ml, = 8.20; 25.0 ml. = 8.40; 30.0 mi. = 8.60; 
35.0 mi. = 8.78; 36.0 ml. = 8.85; 37.0ml. -= 8.87; 37.5 ml = 8.87; 38.0 ml. = 
8.85; 38.3 ml. = 8.84; 38.4"mi. = 5.03; 39.0 mi. = 4.45; 40.0 ml == 4.15; 
45.0 ml. = 390. 


CHAPTER XVII 

CONDUCTOMETRIC TIJRATIONS 



103. Conductance. — Strong acids, strong bases, and most salts, 
when dissolved in a relatively large volume of water, are prac« 
tically completely dissociated into ions. These ions are capable 
of transporting electricity, and because of them the solutions are 
good conductors of the electric current. The conductance of a 
solution is the reciprocal of its electrical resistance and is meas- 
ured in reciprocal ohms or mhos. 

The specific conductance of a solution is the conductance of a 
cube of the solution of 1-cm. edge. The specific conductance at 
25°C. of 0.100 N HCl is 0.0394 mho; the specific conductance of 
0.0100 N HCl is 0.00401 mho. 

Equivalent conductance is the conductance of a solution contain- 
ing one gram-equivalent weight of dissolved electrolyte betw^een 
electrodes 1 cm. apart. It is therefore numerically equal to the 
product of the specific conductance of the solution and the num- 
ber of milliliters containing one gram-equivalent weight of electro- 
lyte. Thus the equivalent conductance of 0.100 N liCl is 0.0394 X 
10,000 = 394 mhos; the equivalent conductance of 0.0100 N HCl 
is 0.00401 X 100,000 = 401 mhos. As a solution becomes more 
dilute, its equivalent conductance becomes somewhat greater owing 
to the fact that in more dilute solutions inter-ionic effects are les- 
sened, which gives the apparent effect of increasing the degree of 
ionization of the dissolved substance. 

By extrapolation it is possible to determine the equivalent con- 
ductance of a solution at infinite dilution. For hydrochloric acid 
this value at 25*^0. is 425.8 reciprocal ohms. This is the theoretical 
conductance that would be given by a perfect solution con- 
taining 36.46 grams of HCl between electrodes 1 cm. apart. 

104. Mobility of Ions.— Different kinds of ions have different 
velocities, so that when an electric current is passed through a 
solution, the faster moving ions carry a relatively greater amount 
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of the current. In the case of very dilute hydrocliloric acid, the 
hydrogen ions, moving much faster than the chloride ions, carry 
about 82 per cent of the current; the chloride ions carry only 
about 18 per cent. The mobility of an ion is the equivalent con- 
ductance of that ion, and the equivalent conductance of an elec- 
trolyte is equal to the sum of the mobilities of its ions. Thus 
the equivalent conductance at 25°C. of hydrochloric acid at in- 
finite dilution (= 425.8) is equal to the sum of the mobility of 
the hydrogen ions (= 350) and the mobility of the chloride ions 
(= 75.8) at that temperature. If several electrolytes are present 
in a solution, all the ions contribute to the conductance of the 
solution. Mobilities increase by about 2 per cent for each degree 
centigrade increase m temperature. 

Table III gives the equivalent conductances, or mobilities, at 
25°C. of some of the common ions at mfinite dilution. From it 
can be calculated the equivalent conductances of corresponding 
electrolytes at infinite dilution. 


l\u3LE III.— Ionic Conductances ob Mobilities 
AT Infinite Dilution, 25°C, 


Na+ 

50.8 

Ci“ 


K+ 

74.8 

Br“ 

77.7 



63.4 

I- 

76.0 



. 350 

OH" 

. 193 



74.9 

C 2 H 5 O 2 " 

40.8 

Li-*" 

41.7 

}4BOr. 

80.0 

VMs^ 

55.0 

CIOs........... 

63.3' 

3/iBa-H-. . . . . . 

65.2 

NO;r. , 

70.9 



61 

BrOs". 

55.3 



71.0 

IO 3 -. 

39.6 



53.6 

uc^r. ' 

73.5 



54 

i^-pefCNlc- 

97,3 



6S.4 

MFe(CN) 6 = 

. ' 100 . 8 ' 


105. Conductometric Acidimetric Titrations. — Consider the ti- 
tration of a dilute solution of HCI with NaOH solution: 

H+Cl- + (Na+OH-) -> Na+Cl- + HoO 

At the beginning of the titration, the HCI solution has a high 
conductance value, owing principally to the extremely high mo- 
bility of the hydrogen ions. As NaOH is added, the concentra- 
tion of the hydrogen ions is decreased and, although hydrogen 
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Biucli less, so that the conductance of the solution decreases 
rapidly. At the equivalence point, the solution contains only 
NaCl, and the conductance is at a minimum for, on further addi- 
tion of NaOH, the hydroxyl ions with their high mobility give a 
rapidly increasing conductance to the solution. If the titration 


I X 

\ I 

1?^-- ii AU" I 

Volume of NaOH 

Fig. 9. — Conductometric titration of dilute HCl with NaOH. 

is carried out under constant conditions of temperature, etc., and 
the volume of titrating solution is plotted against conductance, a 
cui-ve of the appearance of hne ABC in Fig. 9. is obtained 
In this figure, line AH represents that part of the conductance 
of the solution contributed by the HCl alone; DBJ represents 
that part of the conductance of the solution contributed by the 
NaCl alone. Line AB is therefore the resultant of these two cun'-es, 
the distance 01 being equal to FI + El. Line HK represents the 
conductance of the excess NaOH alone; line BJ is the conduct- 
ance of the NaCl present in the solution after the equivalence 
point has been reached; and BC is the resultant. 



Heal titration, curves applying to perfect solutions can be cab 
ciliated from the mobilities of the ions involved* Tliiis, in tlie 
titration of a very dilute solution containing a grain-ecp.iivaleiit 
weight of IlGi with a relatively concentrated solution of sodiiini 
hydroxide (so as to give no appreciable change in the total vol- 
ume of the solution being titrated) /the theoretical condiictance 
of the original solution is 350 (11+) + 75.8 (Ci"-) = 425.8 mhos. 
At the equivalence point the solution contains only NaCl and its 
conductance is 50.8 (Na+) + 75.8 (Cl~) = 126.6 mhos. An excess 
of one gram-equivalent weight of NaOH to the resulting solntirin 
would give a conductance of 50.8 (]S[a+) + 75.8 (C.l“) + 50.8 (.N a+) + 
193 (OII~) = 370.4 mhos. Plotting these cond,uctance values 
against corresponding relative volumes of NaOH gives a titration 
curve like that of the resultant line ABC in the figure. .The 
equivalence point is the intersection of two straight lines. 

In an. actual titration of this type the lines are likely to be 
slightly curved because of (1) variation in temperature, dim, in 
part at least, to the heat of neutralization, (2) increase in the 
volume of the solution because of added reagent, and. (3) inter- 
ionic effects. Foreign ions in the solution may distort the curve 
slightl 3 q although their general effect is to increase the total con- 
ductance by a constant amount. In spite of this, the inflection 
is sharp and three or four readi.Bgs on each side of the equivalence 
point are usualty sufficient to' establish the point of intersection 
and hence the buret reading at the equivalence poi,nt. 

The titration of a weak aci.d like acetic acid with a strong base 
like sodium hydroxide is shown in the' curve (a) (a) of Fig. 10. 
Here the first small amount of NaOH will, as be,fo.re, cause 
decrease in condiictivitj^ but, since the concentration of hydrogen 
ions in acetic acid, is small, the conductance of the solution soon 
increases owing to the formation of ■sodium ions and acetate ions, 
the latter buffering the solution and thus cutting down the coii- 
r*entration ,of the highly .mobile hydrogen ions. The coiiductaiice 
values,, then follow closely those of the sodium acetate formed. 
Beyond the. equivalence point the formation of hydroxyl ions does 
not cause a sharp inflection in the titration curve. If,: on the other 
hand, - NH 40 H is used to -titrate the acetic, acid, a curve (b) (6) 
is obtained mth , a sharper, inflection at, the, equivalence point, for 
the 'excess NH4OH, omng to its slight degree of ionization, has 
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little effect on the conductance of the solution. In an actual titra- 
tion of this type, the two parts of the conductance curve do not 
meet sharply at a point because of hydrolysis effects, but the 
equivalence point can be found by extending the straight parts 
of the titration graph to a common point [see part (c) of Fig. 10]. 



Fig. 10.— Conductometric titration of 0.01 N HC 2 H 3 O 2 

{a) with NaOH, {h) with NH4OH. 

The, titration of a .mixture of a strong acid and a weak acid with 
a. standard base can often be carried out .coiidiictometrically.and 
the amount of each acid determined from the graph (see Prob. 
781). A similar type. of titration, curve is obtained in the titration 
of certain dibasic acids (see Prob. 789). 

"106. Conductometric Precipitation Titrations —Many precipi- 
tation titrations are also possible by conductometric methods. 
Consider, for example, a very dilute solution containing a gram- 
equivalent weight of sodium sulfate being titrated with a con- 
centrated solution of barium acetate. The theoretical condiictanee 
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riginai solution is 50.8 (Na+) + 80.0 (^-^SOr) = 130.8 mhos, 
equivalence point the conductance is 50.8 (Na+) + 40.8 
! ) — 91.6 mhos. If an e.xcess of a gram-equivalent weight 
im acetate is added, the conductance of the solution is 
a.+) -j- 40.8 (.C2H3O2-) -f 65.2 (i.^'Ba++) + 40.8 (C2H3O2-) = 
ihos. The titration curve is therefore a flat V-shaped 
1 tile equivalence pomt at the intersection of two .straight 
i’ertain titration cuiwes of this type are illustrated in the 


il.— Condijetoinetdie 

A few comple-x-forming reactions can .also be made the basis 
of conductometric titrations. 

107. Conductometric Titration Apparatus. — .simple hookup 
ior determhiing the conductance of a solution is indicated in the 
diagrani of Fig. 11, where MO is a slide-wire divided into 1,000 
scale divisions, G is a galvanometer, £ is a pair of electrodes so 
Oxed as to reniain at a constant distance apart and dipping into 
the solution to be measured. S is a source of alternating current, 
stepped down by means of a transformer to about 6 volts, and 
i2 is ;a,rI.ieostat. 

, III c?oiiductan,ce values in a titration, the 

iheostat is . first adjusted so that there is no deflection of. the 
galvanometer when the point of contact m near the center of 

the slide-vire. From then on, the adjustment of the rheostat is 
not changed. The solution is then titrated, and brids-e readirurs arA 
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i'l taken between each increment of added solution by adjusting the 

slide-wire until no deflection is observed in the galvanometer. 
After any such adjustment, 

a _ resis t ance of cell 

1,000 — a resistance of rheostat 

but, since the resistance of the rheostatus a constant (K) and the 
resistance of the cell is the reciprocal of its conductance, 

^,K = 1,000 - g 

conductance of cell 

whence, 

Conductance of cell - ^ 

Since in an ordinary titration we are not interested in the actual 
conductance values but only in the relative changes in conduc- 
tivity as a means of establishing a titration curve, it is 
necessary to plot the volume of titrating solution against the values 
(1,000 ~ a) /a as obtained from the bridge readings. Unlike the 
potentiometric graph, the conductometric titration curves are 
straight lines or nearly so, and they can therefore usually be fixed 
by a relatively few volume readings on each side of the eciiiivalence 
point. In order for accurate values to be obtained and in order 
for the lines to be straight or nearly so, it is important to keep 
the temperature of the solution as nearly constant as possible, and 
it is also theoretically necessary that the volume of the solution 
shall not change during the titration. This last condition is ful- 
filled approximately enough for ordinary titrations if the total 
volume of reagent does not exceed 1 or 2 per cent of the solution 
titrated. The reagent should therefore be as concentrated, and 
the solution as dilute, as feasible. A solution 0.01 -- 0.001 normal 
titrated with a 1 normal solution of reagent would be a typical case. 

Problems 

: 776. If the, specific conductance of N/50 HCl is 0.00792, ralio, what Is the, 
equivalent conductance of N/50 HCl? 

Ajis. 396 mhos. 

777. At 25°C, what is the equivalent conductance at infiiiite dilution of a 
solution of silver sulfate? 

:• '143.4 mhos. ■ 
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778. A, solution containing a gram-equivalent weight of BaC!2 at very high 
dilution is titrated at 25°C. with Li2S04. From mobilities of the ions involved 
(calculate the conductance of the solution (a) at the start of the titration, 
(h) at the equivalence point, and (c) at the point where a total of 2 gram- 
equivalents of Li2S04 have been added. Plot these values to show the titration 
graph.. Make similar calculations and graph for the titration of BaCis with 
Na2S04. Which gives the sharper inflection at the equivalence point? 

Ans, (a) 141.0, (b) 117.5, (c) 239.2; (a) 141.0, (6) 126.6, (c) 257.4 mhos. 

779. A very dilute solution of sodium hydroxide is titrated conductometri- 
cally with 1.00 N HCl. The following bridge readings of (100 - a) /a were 
obtained at the indicated points in the titration. Plot the titration curve a,iid 
from it determine the number of grams of NaOH present in the solutioiu 
0.00 ml. - 3.15; 1.00 ml. - 2.60; 2.00 mi. - 2.04; 3.00 mi. - 1.40; 4.00 ml. - 
1.97; 5.00 mi. - 2.86; 6.00 ml. -■» 3.66. 

Am. 0.128 gram. 

780. A solution approximately N/lOO in sodium acetate is titrated con- 
ductometrically with 1.00 N HCl. From the following titration values showing 
relative conductivities plot the curve and calculate the number of grams of 
NaC2H302 present in the solution. {Hint: Extend the nearly straight parts of 
the curve to a point of intersection.) 0.00 ml. — 218; 4.00 ml. — 230; 8.00 
ml. -■ 243; 9.00 ml - 247; 10.00 ml. - 256; 11.00 ml. - 269; 12.00 ml. - 278; 
14.00 ml. — 325; 17.00 ml. — 380. Show from mobilities and relative degrees 
of ionization why this form of curve is to be expected. 

0.820 gram, 

781. A sample of vinegar has been adulterated with hydrochloric acid. 
It is titrated with 0.500 N NH4OH and the followdng bridge readings of 
(1,000 — a) /a were obtained at the indicated buret readings. Calculate the 
number of grams of HCl and of HC2H3O2 in the sample. (Hint: Find the point 
of neutralizatioii of the HCi by extending the nearly straight sides of the U- 
shaped part of the graph to a point of intersection.) 0.00 ml. — 2.87 ; 1 .00 mi. - 
2.50; 2.00 ml - 2.10; 2.50 mi. - 1.85; 3.00 ml. - 1.70; 3.20 ml. - 1.70; 
3.50 ml. - 1.76; 4.00 mi. - 2.00; 4.20 ml. - 2.10; 4.50 ml, - 2.15; 5,00 ml - 
2.15; 6.00 ml. - 2.14; 7.00 ml. - 2.16; 8.00 ml - 2.18. 

Am. 0.0580 gram HCl, 0.0336 gram HC2H3O2. 


782. .At ,25°C. what is the equivalent conducta,nce'at i,nfiiiite dilution of a 
solution of BaCb? 

783. Sketch the general form, of the titration curve you would expect to 

get in the' conductometric titration of.N/100 NHiO'H .with (a) N/1 HGl, 
(5) N/I HC2H3O2. , . ■ . . 

784. 'Using the eqivalent conductance values obtained from, the mobilities 
of the ions, show the general form of the titration curve in each of the' following 
cases; (a) titration of ' NaOH with HN03,"(5) titration of BaCh with K2SO4, 
{c)^ titration .of BaCh' with H2SO4,, (d) titration, of Ba(OH)2 'With H2SO4, 
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(e) titration of MgS04 with Ba(0H)2, (/) titration of NH4CI with NaOH, 
(g) titration of AgNOs w'ith LiCL 

785. In the titration of 80.0 mi. of a solution of HNO3 with 4.85 N NaOH 
the following relative conductivities w-ere obtained for the corresponding 
volumes of NaOH. Plot the curve and calculate the acid iiorinality of the 
original acid solution. 0.00 ml. — 501; 1.00 mi. — 340; 2.00 ml. — 175; 

3.00 ml. - 180; 4.00 ml. ~ 261; 5.00 ml. - 338. 

786. A sample of vinegar weighing 5.00 grams is diluted to 500 ml. and ti- 
trated Gonductometricaily with 0.500 N NH4OH. The following relative 
conductivities were obtained from the bridge readings of (1,000' a) /a at the 
indicated buret readings: 0.00 ml. — 1.20; 0.50 ml. — 0.95; 1.00 ml. — 0.80; 
1.50 ml. - 0.70; 2.00 ml. -- 0.70; 3.00 ml - 0.95; 4.00 ml. - 1.35; 5.00 
mi. - 1.75; 6.00 ml. - 2.13; 7.00 mi. ~ 2.48; 7.50 ml'- 2.68; 8.00 ml. - 2.78; 

9.00 ml. — 2.82; 10.00 ml. — 2.83; 14.00 ml. — 2.87. Plot these values and 
determine from the graph the buret reading at the equivalence point. From 
this calculate the acidity of the vinegar in terms of percentage of HC2ri302. 
Explain the chemistry involved to give the U-sliaped appearance of the curve 
prior to reaching the equivalence point. What would be the general appearance 
of the graph if 0.500 N NaOH had been substituted for the NH4OH in the titra- 
tion? W"hat is the advantage of using NIi40H? 

787. A solution approximately'^ 0.01 N in sodium acetate is titrated con- 
ductometrically with 1.25 N HCl and the following relative conductivities 
were obtained at the eorresponding buret readings: 0.00 ml. — 451 ; LOO nil — 
455; 2.00 ml - 459; 2.50 ml - 460; 2.75 ml - 462; 3.00 ml - 465; 3.25 
ml - 472; 3.50 ml - 482; 3.75 ml. - 497; 4.00 ml. ~ 515; 4.50 ml. - 575; 

5.00 ml — 643; 6.00 ml. — 776. Plot the curve and calculate the number 
of grams of NaC2H302 present in the solution. 

788. A solution containing sodium bromide is titrated with 0.650 N silver 
acetate. The foilowdng relative values were obtained for the conductances of 
the solution during the titration. Plot the curve on a large scale and calculate 
the number of grams of NaBr originally present in the solution, 0.00 ml. — 
269; 0.50 ml. - 2G2; LOO ml. - 241; 1.50 ml. - 227; 2.00 ml - 213; 2.50 
ml - 197; 3.00 ml - 218; 3.50 ml - 237; 4.00 ml - 261; 4.50 ml - 282; 

5.00 ml - 301. 

789. Oxalic acid is a dibasic acid and can be considered as an equimolar 

mixture of a. fairly strong acid (H2C2O4 H'"" + HC204““; K' = 4 X 10""®) 

and a weak acid (HC204~ H+ + 0204“;. K'' = 5 X 10-'^). The following, 
relative conductance values were obtained in the conductometric titration of a 
dilute solution of oxalic acid with 0.640 N NH4OH. Plot the ciirx^e and cal- 
culate the number of grams of H2C204^2H20 present in the solution. 0.00 
ml - 285; 0.20 ml. - 235; 0.40 ml - 188; 0.60 ml - 141; 0.70 ml - 118; 
0.80 ml - 109; 0.90 ml - 115; 1.00 ml - 123; 1.20 ml - 147; 1.40 ml. - 
173; 1.60 ml. - 184; 1.80 ml. - 183; 2.00 ml - 181; 2.20 ml - 181. What 
does the lowest point of the curve represent? Show how it would be possible 
in certain ciises to analyze a mixture of oxalic acid and sodium binoxalate 
(NaHC204). What w’'ould be the general appearance of the curve in this case? 


CHAPTER XVIII 
AMPEROMETRIC TITRATIONS 

m 

108 . Principle of an Amperometric Titration.— Suppose a solu- 
tion containing a reducible substance is subjected to electrohdic 
reduction at an electrode consisting of metallic mercury dropping 
at a steady rate from a capillary tube, thus exposing a constantly 
fresh surface of the metal to the solution. If the applied e.m.f. 


Diffusion current 


-f Half wave 



Resklual 



Applied voltage 

Fig. Typicai current-voltage curve (dropping-mercury electroiie). 

is increased gradiiall.y, the amperage ■ of the current remaiiis near 
2ero and increases only slightly until the decomposition potential 
of the substance is reached (see Sec. - o8). At this point electrolytic 
reduction starts, and an increased e.m.f. : causes a. sharp increase 
in amperage in accordance mth Ohm’s Law, J? ~ Ji?. As elec- 
trolysis progresses, however, there ' is. a depletion of the reducible :' 
substance at the electrode and the" potential : necessary, for de-,' 
composition is increased. A point is reached where an mcreasin.g 

5 
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e.mi. again causes practically no increase in amperage. These 
three steps are shown in Fig. 12 where milliamperes as ordinates 
are plotted against applied voltages as abscissas. 

The nearly constant - current corresponding to the upper right- 
hand part of the curve is called the diffusion current, and its 
magnitude is proportional to the concentration of the reducible 
substance remaining in the solution. 


Volume of titrating reagent 


Fig. 13. — Amperometric titration curve + SO 4 "") . 


Suppose a reducible substance in a solution is subjected to an 
initial e.ni.f. which is of such magnitude as to give the amperage 
corresponding to the diffusion current, and suppose the solution is 
subjected to a precipitation titration with a nonreducible reagent. 
Such a case would be the titration of a solution of a lead salt with 
sulfate. The concentration of the reducible substance (Pb++) is 
steadily diminished as the sulfate is added. The current, being 
proportional to the concentration of lead ions, likewise steadily 
diminishes as the titration proceeds and, if amperes are plotted 
(as ordinates) against volume of titrating solution added (as ab- 
scissas), a curve similar, to that of Fig. 13 is,, obtains The 
equivalence point corresponds to the point of intersection of the 
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two arms of the curve. These arms are essentially straight lines, 
especially if the effect of dilution is corrected for. In the above 
case, the nearly horizontal portion of the curve corresponds to the 
diffusion current of a saturated solution of lead sulfate. Solu- 
bility effects may give a curved line in the close neighborhood of 
the equivalence point, but, as in certain conductometric titration 
curves [see Fig. 10(c)], extension of the two straight parts of 


— -Dropping 
^4,^ mercury electrode 



‘Electrolysis 

cell 


— Jig. 


Fig. 14. — Amperometric titration liook-up. 


the curve will give a point oi intersection corresponding to 
the equivalence point. As in conductometric titratioiiSj it is ad- 
vantageous to titrate a dilute- solution with a relatively con- 
: ceiitrated one. 

M equally satisfactory titration curve is given in -the ainpero- 
metric titration of a nonreducible ion when it is titrated with, a, 
reagent capable of electrolytic reduction, - This type is illustrated in 
the first part of the problem given below^ The second part of the 
problem illustrates a titration in which both the substance titrated 
and the reagent yield a diffusion .current at the applied e.m.f. 

Certain titrations involving , neutralization,- oxidation,- and re-, 
iliiction, and .,CQiB.plex4on formation'are- also, possible by'ampero- 
metric .methods. , 


I 
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Current-voltage curves can be automatical^ recorded on photo- 
graphic paper by means of a mechanism called a folarograph^ hni 
satisfactory curves can also be obtained manually with a relatively 
simple dropping-electrode assembly which furnishes a means of 
applying a variable known e.mi . to the cell and for measuring 
the resulting very small current. Several portable instruments of 
this type are on the market. The essential hook-up is shown 
diagrammatioally in Fig. 14. 

In general, although much work is still needed to bring about 
refinements of method and to extend the applications of the proc- 
ess, amperometric titrations are in many specific cases capable of 
giving very precise results- The method is satisfactory in many 
precipitation titrations rvhere the solubility of the precipitate is 
too great for potentiometric or indicator methods to be used. 
Furthermore, foreign electrolytes which are often harmful in con- 
ductometric titrations do not usually interfere in. amperometric 
titrations unless they are present at high concentrations and yield 
diffusion currents at the applied e.m.f. 

The numerical values in the following problem are taken from 
data and graphs obtained by I. M. Kolthoff and Ms coworkers. 

Problem 

790. In each of the following two titrations, plot the titration graph and 
determine the volume of titrating solution corresponding to the equivalence 
point. Calculate the number of grams of titrated constituent shown to be 
present in each case and explain the appearance of the curve. 

(a) A certain volume of 0.0100 M K2SO4 is titrated amperometrically with 
0.100 M Pb(N03)2 at e.m.f. = — 1.2 volts. The following values are the 
milliamperes obtained at the corresponding volumes of titrating solution. 
Dilution effects have been corrected for, 0.0 ml. — 0.8; 1.0 ml. — 0.8; 2.0 ml = 
O.S; 3.0 ml. == 0.8; 4.0 ml. - 0.9; 4.5 ml. - 1.3; 5,0 mi. - 4.2; 5.5 ml. « 
11.3; 6.0 ml. = 20.0; 6.5 ml. = 28.9; 7.0 ml. = 37.5. 

{h) A 50-mL pipetful of dilute Pb(N03)2 (in 0.10 M KNO3) is titrated uith 
0.0500 M K2Cr207 at e.m.f. == — 1.0 volt. The following values are the milli- 
amperes actuall}^ obtained at the corresponding volumes of titrating .soluti<»n. 
Before plotting the titration curve, correct for dilution effect by inultiplying 
each current reading by (F -f ??)/F in which F « initial volume of Ksoliition, 
and V = total volume of reagent added. 0.0 ml. = 81.56; 1.0 ml. = 66.22; 
2.0' ml = 48.34; 3,0 ml. = 31.66; 4.0 ml. = ,15.25; 4.8 ml = 3.79; 4.9 ml. =' 
2.09; 5.0 ml == 2.9; 5.1 ml - 5.1; 5.3 ml 12.03; 5.5 ml === 21.86; 6.0 ml « 
43.86. {Note.—YhB large residual current at the equivalence point is due to 
the relatively liigh solubility of the precipitated PbCrOi in the acid formed 
by the titration: 2Pb++ -{- QxzOr + H^O 2PbCrQ4 + 2H+.) " ' 
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chapter XIX 

CALCULATIONS OF GAS ANALYSIS 

109. Fundamental Laws.— Problems involving the determina- 
tion of the proportional amounts of the components of a gasc’iotis 
mixture and the determination of the amount of a gi\ pn sub- 
stance by measuring the quantity of gas which that substance 
may be made to evolve in chemical reaction are the only phases 
of gas analysis considered in this book. 

Calculations ot gas analyses make use of the following gas laws, 
most of which apply strictly only to the so-called “perfect” gases, 
but which may be applied to ordinary analyses with results that, 
are usually in keeping with the precision of analytical manipulation. 
These laws should already be more or less familiar to the student. 

Boyle’s Law . — The volume of a fixed mass of a gas at constant 
temperature is inversely proportional to the pressure to which it 
is subjected. That is, 

TpD = p'v' = k 

where pv and p'v' are pairs of simultaneous values of pressure 
and volume of a given mass of gas and A: is a constant. 

Ex^vmplb I. — If a sample of gas occupies a volume of 500 ml. 
at a barometric pressure of 755 mm. of mercury, What volume 
would it occupy at a pre.ssure of 760 mm.? 

Solution: An increase in pressure must cause a decrease in 
volume. In this case, the new volume will be 

500 X ^ = 496.7 ml. Aris. 

Or^ by substitution in the formula above, '■ ' 

755 X 500 = 760 X ir 


whence, 


X == 496.7 ml. Ans, 
270 ' 


280 


CALCULATIONS OF ANALYTICAL CHEMISTRY 


ChaTles\s Law , — The volume of a fixed mass of a gas at con- 
stant pressure is directly proportional to the absolute temperature 
to which it is subjected; that is^ 


V 


L 

r 


where vT and are pairs of simultaneous values of volume 
and temperature expressed on the absolute scale. Zero on the 
absolute scale is at — 273®C.; henccj the temperature in absolute 
units may be found by adding 273 to the temperature in centi- 
grade units. Charles’s law may therefore be written 

_ 273 + i 
2 / 273 + /.^ 

where t and F represent the respective temperatures in degrees 
centigrade. 

Example IL — If a gas occupies a volume of 500 ml. at 20®C, 
and the temperature is raised to 30°C. at constant pressure j ^vhat 
is tlie new volume of the gas? 

Solution: The temperatures on the absolute scale are 293 and 
303®C., respectively. If the temperature is raised, the gas must 
expand and the new volume becomes 


500 X = 517 ml. Ans, 


Or, by substitution, 


whence, 


500 _ 273 + 20 
.T 273 + 30 

X = 517 ml. Ans, 


The formulas expressing the two gas laws mentioned above may 
be combined to give 


pv _ p'N 


Dalton^ s Law.— The pressure exerted by a mixture of gases is 
equal to the sum of the pressures of the individual components, 
and the pressure exerted by a single component is the same as 
the pressure that component wmuld exert if existing alone in the 
same volume. 
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Exam'PLE IIL~Moist hydrogen gas is confined over waiter 'iiiider 
a pressure of 760 mm. of mercury and a temperature of 26°C. 
What is the actual pressure of the hydrogen? 

Solution: At 26°C., the vapor pressure of water is equal to 
25 mm. of mercury (see Table V, Appendix). The partial pressure 
of the hydrogen is therefore 760 - 25 = 735 mm. Ans, 
Gay-Lussae s Law. Whenever gases unite or gaseous products 
are formed, the proportions by volume measured at the same 
temperature and pressure of all the gaseous products concerned can 
be represented by ratios of small integers. Thus, in the reac?tioii 


2H2 + O2 2H2O 


livo parts by volume of hydrogen unite with one part by voliiine 
of ox^^gen to give tivo parts by volume of water vapor. 

Avogadro\s^ Law. Equal volumes of all gases under identical 
conditions ol temperature and pressure contain the same nunibei’ 
of molecules. 

110. Gas-volumetric Methods. — For convenience, gas analysis 
may be divided into the following groups: 

(a) Gas-volumetric methods 

(b) Absorption methods 

(c) Combustion methods 


Under gas-volumetric methods may be included those methods 
in which a gas is evolved by means of a chemical reaction, and 
from the volume of the gas the w'eight of the substance producing 
it is calculated. 

From Avogadro’s hue it is evident . that the weights of equal 
volumes of gases will be in direct proportion to the respective 
molecular \^*eights. The weight in grams of 22.4 liters of any 
gas, when measured under standard conditions, i.e., at O'^G. and 
under a pressure oi 760 mm. of mercury, represents the molecular 
freight of tlie gas. If the molecular weight of a gas and tlie vol- 
ume that a certain quantity of it occupies under standard conditions 
are knouTi, the wight of that cjuantity can be readily detemiinecL 
.This is the principle underlying gas-volumetric- analysis. Since it 
is iisualW inconvenient actually to measure the volume of a gas 
at 0®C. and under 760 mm. pressure, it is customary to measure 
the gas at any c*oiiveiiierit temperature and pressure and by means 
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of Boyle’s and Charles’s laws to calculate the volume that the o'as 
would occupy under standard conditions. “ ’ 

Example.— A gas occupies a volume of 42.06 ml. under 765.0 

mm. pressure and at 20.0°C. What is its volume under standard 

conditions? 

Solution; According to Boyle’s law, if the pressure of the gas 
at a constant temperature is reduced from 765 to 760 mm. the 
volume would be increased in the same ratio, and, were the tem- 
perature the same, the new volume would be 


42.06 X 


765.0 

760.0 


42.34 ml. 


The temperature, however, is to be reduced from 20 0°C (293° 
Absolute) to 0°C. (273° Absolute), and, according to Charles’s 
aw, this diange alone serves to decrease the volume of the jras 
by the ratio of 293 :273. If both the pressure and temperature are 
changed to standard conditions, the volume of the gas becomes 


10 nc, V, 765.0 _ 273.0 


39.45 ml. 


Expressed according to the symbols used above. 


„ V,. P s. 273 + , 


IV Inch is identical to the general expression 


fv 

T 


p'v' 

r 


11. Correchonfor Water Vapor .—Evolved gases are frequently 

collected and measured over liquids which exert an appreciabfe 
vapor pressure, and in such cases the barometric pressure does 
not represent the pressure of the pure gas. It may be assumed 
that the gas vnll be saturated with the vapor of the liquid over 
vv hich it is measured, and in such cases the vapor pressui-e of the 
liquid depends only upon the temperature. According to Dalton’s 
law, the pressure of the pure gas may be found simply by sub- 
tracting the vapor pressure of the liquid at the given temperature 
from the barometric pressure. The values of the vapor pressure 
ot water at different temperatures are given in Table V (Appendix). 
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112. Calculations of Gas-volumetric Analyses.—These consider- 
ations may be applied to determine the percentage of a constituent 
of a given substance by gas-volumetric measurements. 

Ex-^mple.— A 0.500-gram sample of limestone on treatment 
with acid liberates 98.7 ml. of carbon dioxide when measured over 
water at 23°C. and 761 mm. pressure. What is the percentage 
of COs in the sample? 

Solution: 

Vapor pressure of water at 23°C. = 20.9 mm. 

Pressure of the pure CO 2 = 761 — 20.9 = 740 mm. 

Volume of CO 2 under standard conditions = 

7411 9 ^ 7 ^ 

98.7 X ^ X 273 + 23 

The gram-molecular weight (44 gi*ams) of CO 2 would occupy under 
standard conditions a volume of 22.4 liters = 22,400 ml. The 
weight of CO 2 evolved is, therefore, 

44.0 X = 0.174 gram 

Percentage of CO2 in the sample is 

^ 34.8 per cent. Arts, 

0.500 ^ 

AUermtive Method. — Some chemists prefer to solve problems 
involving molar relationships of gases by means of the following 
general formula: 

pv = NRT. 

where p = pressure of the gas, atmospheres 

_ pressure in millimeters 
“"'“760 

t? = volume, milliliters 
N — number of moles of gas 
_ weight of .gas ... 
molecular weight 
R ~ “gas constant’^^- 82.07 . ■ ■ 

T - temperature on the absolute scale ■ 
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Applying this formula to the problem under consideration, 

V QQ ^ wt. of gas 
760 ^ = — 44,0 X 82.07 X 296 


li’V eight of CO 2 = 0. 174 gram 


Percentage 


0.174 

0.500 


X 100 = 34.8 per cent. 4ns. 


Problems 

to gas are eooled at constant pressure from 26 

to -- 10 c., what IS the volume at the lower temperature? 

A 718. 440 ml. 

is Sealed ZITI °° ^ “f 600 ml 

volumeT temperature. What is the resulting 

4 ws. 588 ml. 

-Sc sixty volumes of hydrogen are measured diy at 

is increased 10 peTLf “t 
Ans. 26“C. 

oh W ■ P""® carbonate are dissolved in hvdro- 

chloric a«d. Calculate the volume of gas evolved (a) measur J Cat 0=C 

and 760 mm. pressure, (6) measured dry at 15»C. and 780 mm prtsure 
(c) measured over water at 30=C. and 748 mm. barometric pressure. 

Ans. (a) 22.4 liters, (b) 23.0 liters, (c) 26.4 liters. 

795. How many liters of oxygen gas measured over winter at 17°r qnri 777 

™ PJ=-r. ™ b. „bWn.d ,™ „ p“ koiS £ SlI™ 

Ans. 290 liters. 

'^*’1 acid to produce 138 6 
presLrt?^'’ (saturated with CO,) at 10»C. and 773 mm. 

z4?^s. 0.599 gram. 

of CaO ^nm^nTrnr ^®'-"‘= °«de, 0.6080 gram 

thpt ^ magnesium pyrophosphate were obtained If 

£s f^FeCOa, CaCO,, and MgCO,, how many milfi- 

hters of CO, measured diy at 20°C. and 780 mm. pressure could have been 

obtained Irom the same weight of sample? 

4m 300.3 ml. 
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798. What weight of limestone should be taken for analysis such that the 
volume in milliliters of CO 2 measured dry at 20°C. and 780 mm. ecuials the 
percentage of CO -2 present? 

0.1880 gram. 

799. A sample of pyrite (FeS 2 ) weighing 0.2000 gram yields 0.7783 grum 
of BaS 04 . How many cubic feet of air measured at 13(FF. and 27 in. of mer- 
cury pressure would theoretically be required to burn 1.00 pound of the 
pyrite? What would be the volume of the gaseous residue (sulfur dioxide 
and residual nitrogen) measured at the same temper.otimj and 

(4FeS2 + 1102 2 Fe 203 + 8SO.>. Air = 20.9 per cent Lh by volume, 1 cu. 

ill, = 16.39 mi. 1 lb. = 0,4536 kg.)' 

Ans. 52.4 cubic feet. 49.5 cubic feet. 

800. Compute the volume of IHO that can be obtained from 8.0 grams of 
Il 4 Cai 2 Al(?Siio' 04 ;{ measured at (a) 20*^0. and 750 mm. pressure, (b) 750 ram,, 
pressure and 900°C. (Two significant figures.) 

Ans. (a.) 0.18 ml, (h) 970 ml. 


801. If a gas measured dry at 27X1 and 758 mm. pi-essure occupies a 
volume of 500 ml, calculate its volume if the temperature is increased to ST'^’C. 
and the pressure is kept constant. 

802. If hydrogen gas when measured over water at 23°C. and 772 111 m, 
pressure occupies 97.3 ml, w^hat would be the volume under sta,ndard 
conditions? 

803. A gas occupies a volume of 222 ml. over water at 12^0. and 751 mm . 
pressure. What volume would it occupy over water at 3HC. and 770 m.:m, 
pressure? 

804. BaCOs and MgCOs are mixed in the proportions by weights of 2:1. 
Calculate the volume of 6.00 N HCl to decompo,se a 5.00-grani sample. Cal- 
culate the volume of CO 2 gas formed ' 'wheii measured dry at 22.4°C. and 
758 mm. pressure. What would th,e volume of the gas be if it were c;ollected 
under the same conditions over water (saturated with CO 2 )? 

805. What weight of impure calcite (CaCOs) should be taken for analysis 
so that the volume in milliliters of CO 2 obtained by treating the sairii)l (3 with 
acid and measuring the CO 2 dry at 18°'C. and 763 mm. pressure will equal the 
.percentage of CaO in the sample? 

806. "What volumes of nitrogen' and carbon dioxide, each measured dry 
at '20°C. and 755 mm. pressure, could be obtained by the coriibiistio,D, 'of 
:0.2010' gram of urea [C 0 (NH 2 ) 2 ]? , 

, ,807. What vo'Iume, of nitrogen measured over water at SO'^C, and 760 nim. 
pressure , could ■■ be obtained from 0.1860 ■.'gram- of ' tetraetliyitetrazorie 
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_808. If, in the analysis of a 1.00-gram sample of a carbonate, 18.0 ml of 
CO 2 measured over water at 1S°C. and 763 mm. pressure were obtained find 
the percentage of carbon m the sample. 

809. What weight of limestone should be taken for analysis so that the 
volume o CO 2 evolved measured over water at 15°C. and 749 mm. pressure 

shaU be three-Mths the percentage of CO2 in the sample? P ■- e 

810. Compute the volume of oxygen required to oxidize a sample of nure 
le weighing 0.9000 gram, assuming that the product of combustion is com- 

Hrw that the gas is measured 

ary at zi u. and 756 mm. pressure. 

811. A compound of C, N, and H jdelds a volume of nitrogen which when 
measured m milhhters over water at 22“C. and 767 mm. pressure is equal to 
loo.o times the number of grams of sample taken. The carbon and hydroeen 

coLpouS? “ empirical formula of the 

of a compound of carbon, hydrogen, nitrogen, owgen 

ovoi vatu at IS C. and 7o8 mm. pressure. Combustion in o.xygen of the 
same weight of sample gave 0.1880 gram CO 2 and 0.01924 gram H 2 O 4fter 

of 0 2000 ,iu. HNO., . p.ocipW. STgft 

f" ^ “htained. The molecular weight was foimd to be about 27 1 
n hat IS the formula of the compound? 

813. Decomposition of 0.1500 gram of indole gave 16.42 ml. of nitrogen 
when measured over water at 27°C. and 758 mm. pressure. Combustion in 

TmIT increased the weight of a potash bulb by 

0.6026 gram and of a calcium chloride tube by 0.1078 gram. Calculate the 
empinoal formuk of indole. fe -a cuiate the 

^ 113. Absorption Methods.— Absorption methods of gas analy- 
sis apply to the determination of the proportionate amounts of 
the components of a gaseous mixture. The mixture of gases is 
treated with a senes of absorbents, and the temperature and pres- 
sure are usually kept constant throughout the entire determina- 
+1°^' fP^ where these are allowed to vary, corrections for 
their effect may be made by applying the principles outlined in 
bee. 109 The difference in the volume of the gas before and 
alter it has been acted upon by each absorbing agent represents 
the amount ol gas absorbed, and the amount is usually expressed 
on a percentage-by-volume basis. The many forms of apparatus 
Used lor earr3qng out gas absorptions are described in the text- 
books on the subject, but the fundamental principles are identical, 
me reagents commonly employed are shown below. 



114. Combustion Methods. — If a gas mixture contains one or 
more components capable of combustion with oxygen, it is usually 
possible to determine the percentages of these components by 
allowing combustion to take place and measuring the contraction 





Gas 

Carbon dioxide 

Uiisaturated hydrocarbons 
(“iiliimiiiaiits’’) 

Oxygen 

Carbon monoxide 
Hydrogen 


Reagent 
Caustic soda 
Caustic potash 

Bromine water 
Fuming sulfuric acid 

Alkaline pyrogailol solution 
Yellow phosphorus 

Ammoniacal cuprous chloride 
Palladium sponge 
Paliadous chloride solution 
Colloidal palladium solution., 


Example.“A sample of illuminating gas occupying a volume 
of 80.0 ml is treated in succession with caustic- potash soliitioiij 
fuming sulfuric acid, alkaline pyrogailol solution^ and, amm,o- 
riiacal cuprous chloride solution. After each, treatment, the vol- 
ume of the residual gas at constant temperature a-nd pressure is 
measured as 78.7, 75.5, 75.1, and 68.3 ml., respectively. What 
is the percentage composition of the gas as sliowu by these results? 
Solution: 

Volume of CO 2 - 80.0 - 78.7 = 1.3 ml 
Volume of illumiiiants = 78.7 — 75.5 = 3.2 ml. 

Volume of O 2 - 75.5 75.1 = 0.4 ml. 

Volume of CO = 75.1 - 68.3 = 6.8 ml. 

The percentages of the various components are therefore 

X 100 = 1.6 per cent CO 2 

3.2 
80.0' 

M 

80.0 ‘ 

X 100 = 8,5 per cent CO 

ou.ll 

68.3, 


X 100 = 4.0 pel’ cent illuminants 
X 100 = 0.5 per cent O 2 
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ill volume^ the amount of carbon dioxide formed^ the volume of 
oxygen used, or combinations of these measurements^ depending 
upon the number and character of the combustible components 
present. Gay-Lussac’s law underlies calculations involving con- 
tractions in volume. Thus, in the combustion of carbon monoxide 
with oxygen 

2CO + O2 -> 2CO2 

two volumes of carbon monoxide unite with one volume of oxygen 
to form two volumes of carbon dioxide. The combustion is there- 
fore accompanied by a contraction equal to one-half the volume 
of the carbon monoxide present and produces a volume of carbon 
dioxide equal to the original volume of carbon monoxide. 

Assume a gas mixture with hydrogen and methane as the only 
combustible components. Hydrogen reacts with ox3^gen accord- 
ing to the equation 

2H2 -f O2 2H2O ■ 

ill which two volumes of hydrogen unite with o-ne volume of oxygen 
to form water vapor, condensing at ordinary temperatures to 
liquid water. Methane reacts with oxygen according to the equa- 
tion 

CH4 + 2O2 -> CO2 + 2H2O 

in which one volume of methane reacts with two volumes of oxygen 
to form one volume of carbon dioxide. Let x represent the volume 
of hydrogen and y the volume of methane present in the gas 
mixture. The volume of oxygen required for the hydrogen is 
and the volume of oxygen required for the methane is 2y. The 
total volume of oxygen required B is therefore given by the ex- 
pression 

( 1 ) B^y2X + 2y 

The contraction in volume caused by the hydrogen reaction is 
fSrx, and that by the methane reaction is 2y, The total contrac- 
tion in volume C is given by the expression 

( 2 ) ;■ C=^%x + 2y ■ 

whence 

^ = (7 B = volume of hydrogen 
0 ^ — Q 

y . == volume of methane 



. In a similar .way, the., percentage, composition .of other, mixtures 
of gases may usually be calculated, provided that as many inde-. 


It is evident that by allowing this gas mixture to react with a 
determinable volume of oxygen and measuring the resulting coii- 
traction which the gas undergoes it is possible to determine the 
volume of hj^drogen and methane present. 

Since carbon dioxide is appreciably soluble in water, it is cus- 
tomary in accurate analyses to measure the contraction in volume 
after the carbon dioxide has been entirely absorbed. IJrider such 
conditions, in the combustion of a mixture of hydrogen and 
methane the volume of oxygen reciuired would be represented as 
before by the equation 

( 1 ) = 34 ^ + 2 ^ 

but the total decrease in volume due to combustion and absorption 
would be 

(2) C' = + ?jy 

whence 

X = — 2B ~ volume of h^ydrogen 

y = B — — Amliime of methane 

Instead of measuring the contraction in volume and the oxygen 
consumed, the amounts of hydrogen and methane present in a 
mixture in which they are the onl,y combustible components may 
be determined from the contraction in volume and the volume of 
carbon dioxide produced by combustion. Combustion of hydro- 
gen of volume x causes a contraction in volume of %x and pro- 
duces no carbon dioxide; combustion of methane of volume y 
causes a contraction of 2y and produces a volume of carbon dioxide 
equal to y. The total conti-action in volume C is therefore given 
by the equation 

C^^x + 2y 

and the total volume of carbon dioxide produced I) is given, by 

D - y 

Hence, . . • ■ ■ ' ' 

^ = volume of hydrogen 

^ = D ~ volume of methane 
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pendent equations can be formulated as there are unknown com- 
ponents in the mixture. 

The equations in the following table represent combustion re- 
actions more commonly encountered in gas analysis, and the ac- 
compan 3 dng columns show the volume relationships in each 
case. 



Vol. 

gas 

O 2 

con- 

sumed 

! 

Con- 
trac- 
tion ! 

CO 2 

pro- 

duced 

Hydrogen 2 H 2 4- Oa 2 H 2 O 

1 

H 

IH 

0 

Carbon monoside 2CO + O3 2 CO 2 

1 1 

K 

K 

1 

Methane CH 4 + 20s CO 2 -f 2 H 2 O 

1 1 

2 

2 

1 

Acetylene 2 C 2 H 2 -r SOs 4 CO 2 + 2 H 2 O. 

1 

2K 

IH 

2 

Ethylene C 2 H 4 + 30a— > 2 CO 2 + 2 H 3 O. 

1 

3 

2 

2 

Ethane 2C2H(i + 7 O 2 4 CO 2 -f 6 H 2 O ' 

1 

3H 

2 H 

2 

Propylene 2CsHa +• OOa —>■ 6 CO 2 4- 6 H 2 O 

1 

4H 

2H 

a 

Propane CsHs 4" SOa —> SCOs 4“ 4 H 2 O 

1 

5 

3 

3 

Butane 2C4Hio 4" ISOa — »• SCOa 4* lOHsO 

1 

6M 

m 

4 


With this table, little difficulty should be experienced in formu- 
lating the necessaiy equations for the determination by combus- 
tion of any mixture of the gases. 

In case air is used for combustion, it may be assumed to consist 
of 20.9 per cent of oxygen by volume. 

Example I. — mixture of carbon monoxide and nitrogen occu- 
pies a volume of 100 ml. and on combustion with oxygen produces 
40 ml. of carbon dioxide. Calculate the percentage of nitrogen in 
the mixture. 

Solution: Let x represent the volume of carbon monoxide 
and y the volume of nitrogen. Since 1 volume of carbon monoxide 
on combustion gives 1 volume of carbon dioxide, the volume of 
carbon dioxide produced is equal to x. This volume is stated to 
be 40 ml., and the volume of nitrogen is therefore 60 ml. N 2 = 
60 per cent. Jns. 

Example II. — A mixture of carbon monoxide, methane, and 
nitrogen occupies a volume of 20 ml. On combustion with an 
excess of oxygen, a contraction of 21 ml. takes place, and 18 ml 
of carbon dioxide are formed. What is the volume of each com- 
ponent in the mixture? 
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Solution: 

Let a: = \'olume of CO 
y = volume of CH.) 
c = volume of iYa 

Total contraction in volume, C = + 2y 

Total volume of CO 2 produced, /> = x + y 


4D-2C' 72-42 , 

X = = — TT— = 10 ml. 


3 3 

20 - D 42 - 18 


= 8 ml. 


?• Ans. 


3 3 

z = volume original gas - {x + y) = 2 ml. J 


Example III. — The re.sidual gas mentioned in the example in 
Sec. 113 is assumed to consist entirely of hydrogen, methane, and 
nitrogen. To a 20,0-mI. sample are added exactly 100.0 ml. of 
air, and the mixture is exploded. After the caihon dioxide is 
absorbed in caustic potash, the volume of tlie gas is found to be 

88.0 ml; and after the excess oxygen is absorbed in pyrogallol, 
the volume of the gas is 82.1 ml. What is the percentage of each 
component in the gas mixture and in the original illuminating gas? 
Solution : 

Volume after adding air = 120 ml. 

Contraction after explosion and absorption = 120 - 88.0 = 

32.0 ml. = C 

Volume of o.xygen taken = 100.0 X 0.209 = 20.9 ml. 

Volume of residual oxj^gen = 88.0 - 82.1 = 5.9 ml. 

Oxygen actually required = 20.9 — 5.9 = 15.0 ml. = B 
On substitution of these values of B and C' in the equations de- 
rived above, viz., 


x = %C'-2B 

the results obtained are 

.r = X 32.0) - (2 X 15.0) = 12.7 ml. = volume of Hs 
y = 15.0 - m X 32.0) = 4.3 ml. = volume of OIL 

20.0 - (12.7 -f 4.3) = 3.0 ml. - volume of N« 

The percentages by volume of these components are found by 
dividing these volumes by 20.0 and multiplying by 100. 
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63.5 per cent H 2 

21.5 per cent CH 4 
15.0 per cent Na 


Ans. 


In the original illuminating gas (Example, Sec. 113) the nercenf 
ages ot these components are me peicent- 


54.2 per cent Ha 


,97 68.3 100 
4 o V 6S.3 100 

^ ^ ^ P®'' CH 4 

O ^ 68.3 100 

^ 20.0 ^ ^ ^ P®^’ cent N 2 


> -4 ns. 


Problems 

Cafc^ripiZl'.STroTc"? m.ie .„d» 

mg .10 otter cLpSeS ' *'= “ * ““P'" *“ 

Sample taken =innn i 

Volume after KOH treatment — 915 ml" 

Volume .after pyrogallol treatment = 814 ml' 

Volume after cuprous chloride treatment = 81.1 ml.' 

Sl.f p'er oS ■ '"*• P“' “ - »-2 P« ...t, N, . 

'’■* ■” «>. 

Orsat app.aratus. What would he the 1 ' drawn into an 

following absorbents in the order vfn+^1 absorption in the 

(c) ammoniacal cuprous chtoridS PWllol, 

-4ns. (a) 80.7 ml., (h) 77.1 ml., (c) 76.S ml. 

of 5.fhteror(7mettLt 

Ans. (a) 10 liters, (6) 12.6 liters, (c) 7.5 htens 

Volume of ga^s taken _ ro o i 

^'olume of oxygen added ^ 

Volume of oxygen consumed by combustion = 6 ! ml. 

4ns. H 2 = 21.0 per cent, = 79.0 per cent. 
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Volume of gas taken = 95.3 ml. 

Volume of oxygen added - 40.8 ml 

Volume of gas after combustion = 40.1 ml. 

Ans. Hs - 67.2 per cent, N2 = 32.8 per cent. 

819. Wliat is the percentage composition of a mixture of hydrogen and 
nitrogen if the contraction in volume due to comhiistion with oxygen is the 
same as the volume of the sample taken? 

Ii2 = 66,?f3 per cent, N2 = 33 per cent. 

820. What is the percentage of .methane in a mixture of h^njrogen, inethrtiu‘,, 
and acetylene if 16.0 ml of the mixture wlren exploded with a, 11 ex(*oss of air 
cause a contraction of 26.0 mi,? 

Af^s*. 25.0 per cent. 

821. The following measurements are made under identical eoiiditions. 
C'aicuJate the percentage composition of a mixture of hydrogen, carbon 
monoxide, and methane. 

Volume of ga.s taken = 10.5 ml. 

Volume of air added = 137.4 ml. 

Total volume after combustion = 136.1 mi. 

Volume after removing CO2 = 129.6 ml. 

Ans, IJ 2 == 38.1 per cent, CO ~ 45.7 per cent, CH4 ~ 16.2 per cent. 

822. W^hat is the percentage of propane in a mixture of propane, carbon 
monoxide, and methane if a 13.7“inl. sample on combustion produces 23.7 ml 
of carbon dioxide? 

Ans. 36.0 per cent. 

823. What is the percentage composition of a mixture of carbon monoxide, 
ethane, and nitrogen, if, on combustion with oxygen, the contraction in 
volume and the volume of carbon dioxide produced are each numerically 
equal to the volume of the sample taken? 

CO = “ 33J-'3 per cent, 1^2 - 33M per cent, 

824. To 40,8 ml. of a mixture of hydrogen, nitrogen, and carbon monoxide 
are added 150,0 ml, of air, and the mixture, is exploded. If 4.8 ml. of CO2 
are produced and the residual oxygen requires 42.0 ml. of hydrogen for 
combustion, what is the percentage, composition of the, original mixture, 
and what was the total volume after the first combustion? 

, Am. H2 = 39.0 per cent, N2'= 49.3 per .cent, CO ~ 11.7 per cent. 
Voliiine = 164.6 ml 

825. A mixture of ethane (Chile), hydrogen, carbon monoxide, an,ci. nitrogen 
has a volume of 28.0 ml .After combustion with: 72.0 ml of oxygen, the 
residual volume is 60,0 ml".,and,’ after passing 'this into KOH : solution,. The 
residual gas occupies 34.0 ml W^ben' this gas is passed, over, yellow phosphoi’" 
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ous, only 4.0 ml. are left. Calculate the percentage composition of the original 

gas. o 

N.t'14.3^?; cenf'^ = ^1.4 per cent, 

826. Whiit IS the percentage composition of a mixture of hydrogen carbon 
monoade, and methane if the volume of the oxygen consumed in combustion 

Wbf the carbon dioxide produced m'e each equal to three- 

lourtns of the volume of the original gas taken? 

Ans. = 25 per cent, CO = 58.3 per cent, CH 4 = 16.7 per cent. 

827. From the following data, calculate the percentage composition of a 

sample of illuminating gas: nu 01 a 

Sample taken for analysis = 100.6 ml . 

Volume after KOH treatment = 98.4 ml. 

After Br 2 treatment 
After pyrogallol treatment 
After C 112 CI 2 treatment 
Hesidiial gas taken for analysis 
Volume of air added 
Volume after explosion 
Carbon dioxide produced 


Ana. 


94.2 ml. 
93.7 ml 

55.2 ml 

10.3 ml 

87.3 ml 
80,1 ml 

0.2 ml. 


C 02 

- 2.2 

per 

cent 

Unsaturated compounds = 4.2 

per 

cent 

Us 

= 0.5 

per 

cent 

CO 

= 8.5 

per 

cent 

ciu 

= 42.8 

per 

cent 

Ha 

= 38.6 

per 

cent 

Ks 

= 3.3 

per 

cent 


f measurements are made under identical conditions 

Sfrnt^" dioxide, o.XTg 6 n, carbon monoxide, and 

mtrogen m a sample of gas containing no other components: 

Sample taken ~ 79 5 

Volume after KOH treatment = 72,9 ml. 

Volume after O 2 absorption —64.6 ml. 

Volume after CO absorption = 64^6 ml 

8.3 per cent, O 2 - 10.4 per cent, CO == 0.1 per cent, 1^2 ' = 


Am CO 2 
81.2 per cent. 


829. A water gas is of the following composition: 33.4 per cent CO 8 9 

pj cent unsaturated hy^ocarbons, 3.9 per cent CO 2 , 7.9 per cent 10.4 per 
I®t saturated hydrocarbons, 34.6 per cent H^, 0.9 per cent 0,. If a sample^of 
00 ml. IS passed through the following absorbents in the order stated until 
constant volume is reached in each case, what is the volume reading following 
^ch treatment : (a] caustic potash, ( 6 ) bromine water, (c) alkaline oyrogaUol, 
(a) ammoniacal cuprous chloride? * • 
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830. A mixture of methane, air, and hydrogen having a volume of 130 mi. is 
conducted over gently ignited palladium asbestos, after which the volume of 
the gas is 105 ml Both measurements are made at 20°C. and 750 mm. pres- 
sure, a Henipel pipet filled with water being used. Compute the percentage 
(by volume) of hydrogen in the origihal gas mixture and the weight of . 11.20 
that could be formed from it. 

831. If 12.0 grams of pure carbon undergo combustion in 31.3 liters of 
pure oxygen, wdiat is the percentage-b 3 '-voium,e composition of the m,ixture 
after combustion? 

832. Assume air. to contain 20.9 %mlumes O 2 and 79.1 volumes of nitrogen. 
If 100 volumes of air are mixed with 95 volumes of hydrogen and the mixture 
exploded, what is the composition of the gas remaining and, wliat are tlie 
volumes of the various co.mponents after cooling to 20“C. and 760 nim. 
pressure? 

833. A known volume of a mixture of methane, carbon inosioxide, a.nfi 
nitrogen is exploded wl.th an excess of air. Show by equations that the 
|}ereen.tage composition of the mixtui*e cannot be determined by measuring 
the contraction in volume and the volume of oxygen consumed. 

834. A. certain illuminating gas is known to contain tlie foilow.'iiig compo- 
nents: H 2 , CH4, CO2, N 2 , O 2 , CO, and iinsaturated hydrocarbons. Galciilate 
the percentage composition of the gas from the following data: 

Sample taken for anal^xsis = 99.5 ml. 

Volume after KOH treatment — 97.6 ml. 

After Br 2 treatment ~ 94.4 ml. 

After pyrogallol treatment — 93.8 mi. 

After CU 2 CI 2 treatment ™ 85.1 ml. 

Residual gas taken for analysis = 12.0 ml 
Volume of O 2 added = 20.2 ml. 

Volume after explosion =11.8 ml 

Combined CO 2 O 2 produced = 11.4 ml 
(f.c., absorbed in alkaline 
pyrogallol) 

835. A, certain natural gas is known to contain methane, introgen., and 
carbon dioxide. A. 50.0-mL sample is, passed into- caustic potash, and ' the 
volume of the residual gas is found to be'49.6 ml. Of this residual gas, 20.0 ml. 
are taken and an excess of air is added. Combustion causes a shrinkage in 
the total, volimie of 38.4. ml. ’Calculate the percentage ,compGsit!on of the 
original gas. 

BBS. A ,blast-furnace gas is of the following- composition: CO 2 = 12.5 per 
cent, CO = 26.8- per cent,- Ih == .3.6- per 'cent, - .Na -- 57.1 per ' cent. ,If a 
,100~mi., sample were passed through a--solution of caustic potash, what wmild 
be the vrjlume of the residual gas? If to 50.0 ml. of this residue were added 
25.0 ml. of pure oxygen and the mixture exploded, what would be the new 
volume of the gas and what would be its percentage composition? 





PART VI 

COMMON ANALYTICAL DETERAIINATIONS 



The following methods are those in common use in the gravimetric mul 
volumetric determinations of the more common elements and radicals. They 
are given here in ba,rest outline principally to serve as a reference in suhMlng 
problems in this book. Colorimetric methods and other special methods 
involving little if any stoichiometry are omitted. 

Aiuminum 

Precipitated with ^114011 as A1(0H)3, ignited, and weighed as AkO;j. 

Precipitated with S-hydroxyquinoline (^‘oxine^’) as A1(C9 HgN0),i, ignited, 
and weighed as AI2O3. 

Precipitated with oxine as in the preceding case and the preciyiitate dis- 
solved in HCl. KBr then added and the solution titrated with, standard 
IvBrOs to disappearance of red color of methyl .red indicator [AKCoHcTCOla + 
3 H+ A 1 +++ + SCglleNOH; 5 Br- -f BrOs" + 6H- 3 Br. + 3H'AJ; 

CgHsNOH + 2Br2 2 Br'- + 2 H+ + C9H4NBr20H]. 

Ammonium 
(See under Nitrogen.) 

Antimony 

Precipitated as Sb2S3 or 81)285, ignited in an inert atmosphere, and weighed 
as Sb2Ss. 

Precipitated as Sb2S3 or SboSs, heated with NH4OH -b H2O2, 'ignited in air, 
and weighed as Sb204. 

(Lri, alloys) Left as a residue of hydrated Sb205 on treating alloy with. HNO3 
( 68 b -r lONOa”’ + — ^SSb^Ob + lONO -f- 5H2O). Besidiie ignited in 

air to 81320.1. Tin must be removed. 

Titrated in ice-cold H Cl, solution from 3 to 5 with standard .KM11O4 
.(BSbCh- + 2Mn04" + 121:120 5H3Sb04 + 2]\In++ + 2001,- + 9 H+). 

Titrated from 3 to 5 with standard I2 in a solution .kept nearly neutral by 
excess .NallCOs. The' a,iitimony is often held as a tartrate complex (SbOs^^ -f 
,I2 + 2HC03--. Sb04^" + 21 " + 2CO2 ■+ H2O). ' ' , 

, Titrated from -3 to 5 with standard KBrOs in HCl solution to disappearance 
of color of methyl orange indicator (SSbCh” + BrOs" + 9H2O SHsSbO.! + 
Br"-f 12 C 1 -+ 9 H+); ' 

Brought to 5 - valent form and the HCl solution treated with KI. ' The 
liberated I2 titrated; with standard Na2S203 (H3Sb04 + 21 " d- ^Ci" -f SIP' 
SbCb”- 4 - 12 + 4II2O). 


i 
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Arsenic 

Precipitated as - 4 s»ga from 9 NHCI with H,S and weighed Arsenate 

precipitated from ammomacal solution as MgNHsAsOa.CHaO, ignited qnrf 

weighed as Mg2As207. ’ 

Arsenate precipitated from neutral solution as AgsAsO.!. Precinitate rlk 

solved in HNOa and the Ag+ titrated with standard KCNS using ferric alum 
indicator (Ag+ + CNS- AgCNS ). ® “ 

Titrated from 3 to 5 with standard I2 in a solution kept neai-ly neutral bv 
excess NaHCO^fAsO," + I, + 2 HCOr -> ASO4- + 21- + 2 CO,VbS) 
Titrated in strong HCl solution from 3 to 5 with standard KlOa ( 2 As+++ 4- 

10.- + Cl- -F 5aO -.2H^. + ici + 4H.). J. i, ^ 

intermediate product and gives violet color with chloroform. Titration to 
disappearance of this color. 

Titrated in HCl solution with standard KBrOs to disappearance of color of 
methyl orange indicator ( 3 As+++ + BrOs" + OH^O ^SH3As04 + Bi- + 9 H +1 
(Small amminis) Reduced in acid solution with Zn and evolved as AsH,' 

The arsme oxidized to As and color compared to standards. Or AsH. abl 

nfs O with standard 

Na2b203 (AsHa + I2 d- 4H2O H3ASO4 + 81 ’“ + SH+), 

Barium 

Precipitated as BaS04, ignited, and weighed as such. 

Precipitated as BaCr04 and weighed as such. 

Precipitated with (NH4)3CO, as BaCO,, ignited, and weighed as such. 

BaCrOi. Precipitate dissolved in excess standard PeSO* 
(+H3SO4) and e.xcessFe++ titrated with standard KMn04 (BaCr04 + 3 Pe++ 4- 
8H+ + SO4- -> 3 Pe+++ + Cr+++ + BaSO, + 4H2O). ^ 

Precipitated as BaCr04 and precipitate dissolved in Ivl + dilute HCl 
standard Na&Os (2BaCr04 + 61 " + 16 H+ ^ 

-f- 3I2 + 8H2O). 

Beryllium 

Precipitated with NH4OH as Be(OH),, ignited, and weighed as EeO 
Pre^pitated from ammoni^al solution with 8-hydroxyquinoline, a^ 
Ee(C9H6lSiO)2, igmted, and weighed as BeO. 

Bismuth 

Precipitated with H2S as Bi^Ss and weighed as such. 

Precipitated as basic carbonate, igmted, and weighed as Bi203. 

Precipitated as oxalate, (BiOaCA, the precipitate dissolved in dilute 

KxMn 04 ( 5 H 3 C 304 -f- 2Mn04- + 

Boron 

Borate heated with methyl alcohol and the volatile methyl borate passed 

through a weighed amount of ignited Hme: 2B(OCH3)3 + O^ + mzO 

6CH3QH + Ca(B02)2. The material is reignited and weighed; Oain in'' - ^ 
weight ™ B2O3. 
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Borate treated with methyl alcohol as above and the m,etlivl borate liy- 
drolyzed: B(OCH3)3 + SH.O H3BO3 -f SCHsOH. The CH3OH is 
moved by evaporation and the H3BO3 titrated with standard NaOH in the 
presence of glycerol (or other polyhydric alcohol) which forms a loose com- 
pound with the HsBOs. Only one hydrogen of H3BO3 reacts. 

Bromine 

{Bromide) Precipitated as AgBr and weighed as such. 

(Bromide) (Volhard method) Precipitated a,s AgBr with measured amount 
of AgN'Os and the excess Ag‘^ titrated with, standard KCNS using ferric alum 
indicator (Ag"^ 4 “ CNS~ AgCN S). 

(Bromide) Titrated with standard AgNO-j u,sin.g.eosiii or otlier adsorption 
indicator. 

(Free hroniim) Excess KI added and the liberated. I2 titrated with standard 
Na2S2()3(B.r2 + 21 “ -> l2 + 2 Br"). 

(Bromate) Excess KI added in the presence of acid and. the li bent fed b 
titrated w’ith standard Na 2 S 20 s (BrOs" -r dl“ -f bli”'' — > 3I2 + Br~ H- 3 it;Oh 

(Broniate) IMeasiired amount of AssO;? (dissolved in KailCOd^ added. 
solution is acidified, boiled, neutralized with XallC'Os, mid the excess arhCidtc 
titrated with standard !« (BrOir + SlBAsO.-i -“> 3II3ASO4 Br“; AsOr -f 

la + 2 HCO.r AsCX"^ + 21" 4 - 2CO2 4 - H.O). 



Cadmium 

Precipitated as CdS and weighe<l as such. 

Electroiyticaliy deposited as Cd and \veighed as such. 

Ih*ecipitated as CdS and the precipitate titrated wdt.li standonl Ii; in the 
presence of HCl 4 - 12 -“> Cd+^- + S + 21 "). 

Calcium 

Precipitated as CaC^O-i.HsO, ignited at low heat, and weighed as CaCO;^. 

Precipitated as CaC‘204.H20, ignited strongly, and weighed as CaO. 

Precipitated as CaC204.Pl20, ignited, moistened with 1X2804, reigniietl. ar^d 
weighed as CaS04. . 

Precipitated as CaC204.H20, the precipitate dissolved in dilute H2SO4, a,i'Ki 
the oxalate titrated with standard KMn04 (51120204 4 - 2I\In04" ’d- bil" 
lOCOs 4- 2Mir^- + SHsO). 

Precipitated as CaC204.H20 with a measured amount of oxalate. The 
precipitate is filtered and the excess oxalate in th(' filtrate is titrated with 
standard .K.M11O4 as above. 

Precipitated as CaCoOn.IPiO, and the ignited material (CaO, or CaCOg, or 
CaO .4* CaGOa)' titrated with standard acid. 

, Carbon 

(In organic compoiuids) Substance is burned in O2 and the CO2 caught in 
ail absorbing agent (e,g., “ascarite^O and w^eiglied. 

(In iron and steel) Alloy is burned in O2. The CO2 is caught in absorbing 
agent {e.g,^ ‘‘ascarite/^ — NaOH + asbestos) and weighed. Or tlie GO- is 
caught in a measured volume of standard Ba(OH)g solution and ( 1 ) the 
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Ba(OH)2 filtrate or supernatant liquid is titrated with standard acid or (2) the 
change in conductivity of the Ba(OH)2 is measured. 

(CO2 in carbonates) {Alkalimeter method) Sample is treated with acid in a 
weighed alkalimeter and the loss in weight measured. 

(CO2 in carbonates) Sample is treated with acid and the evolved CO2 caught 
in an absorbing agent (e.g., ^^ascarite”) and weighed. 

{CO2 in gas mixture) CO2 absorbed in KOH solution and the decrease in 
volume of gas mixture measured. 

{CO in gas mixture) CO absorbed in ammoniacai cuprous chloride solution 
and the decrease in volume of gas mixture measured. Or volume change 
measured before and after combustion \\dth Og. 

{Oxalate) Precipitated as CaC204, ignited to CaO, or CaCOs, or CaS04 
(see under Calcium), and weighed. 

{Oxalate) Titrated with standard KMn04 (50204^ + 2Mn04"' + 16H+ — > 
IOCO2 -f 2Mn++ -h 8H2O). 

Cerium 

Precipitated as Ce(OH)4 or CeCOH)^ or 062(0204)3, ignited, and weighed 
as CeOg. 

Precipitated as Ce(I03)4, converted to €62(0204)3, ignited, and weighed as 
CeOg (2 Ce(IOs)4 ■+■ 24H2C2O4 — ^ €62(0204)3 + 41? -j- 4200? + 24HoO; 
2 062(0204)3 4“ 4O2 — > 4 Ce02 “ih I2CO2). 

Cerous oxidized to ceric with NaBiOs or (NH[4)2S20s and excess oxidizing 
agent removed. Measured amount of FeS04 added and the excess ferrous 
titrated with standard IvMn04(2Ce+‘**+ + NaBiOs + 6H+ 2Ce++‘’’+ -f 

-j, ]S[a+ 4 - 3H2O; Ce'''+++ 4 - Fe++ — > 06 "^++ 4 - Fe^+O- 

CMorine 

{Chloride) Precipitated as AgCl and w^eighed as such. 

{Chloride) {VolJmrd method) Precipitated as AgCi with measured amount 
of AgNOs and the excess Ag+ titrated with standard KCNS using ferric alum 
indicator (Ag'^ 4- CNS“ AgCNS ). 

{Chloride) Titrated with standard AgNOg using fluorescein or other ad- 
sorption indicator. 

(Chloride) {Mohr method, for small amounts) Titrated in neutral solution 
with standard AgNOs using K2Cr04 indicator. 

{Free chlorine) Excess KI added and the liberated I2 titrated with standard 

NagSgOs (Cb 4- 21- -> I 2 4- 201"). 

(Hypochlorite) Excess KI added in the presence of acid and the liberated 
I2 titrated with standard Na2S203 (OCl" 4- 21“ 4- 2Ii+ — > I2 4- Cl" 4- HgO). 

{Hypochlorite) Titrated with standard NagAsOs using KI 4- starch as 
outside indicator (OCl" 4- AsOa^ — ^ Cl" + As04“). 

(Chlorate) Reduced to chloride with Zn, FeSOi, or H2SO3 and chloride 
determined gravimetiically as AgCi. 

Chromium 

Chromic ions precipitated with NH4OH as Cr(0H)8, ignited, and weighed 
as CrgOs'.^ ■ ' 


COMMON ANALYTICAL DETEBMINATIONS 301 

Ciii’omate precipitated as BaCr04 from oeiitraJ. or buffered acid solution* 
ignited gently, and weighed as such. 

Dichromate reduced with measured amount of FeS04 and the excess ferrous 
titrated with standard KM11O4, K2Cr207, or- Ce(S04)2 + dFe'""* + 

14H+ -> 2Cr++-*-- + 6Fe+-^- + TH^O). 

Dichromate reduced with excess KI and the liberated Ii; titrated with 
standard Na2S20s (Cr 20 r'=‘' + 61 - -f 14 H+ -> 2 Cr-^-"*- -f 3I2 -f THsO). 

Cobait 

Eiectrolyticaliy deposited as Co from ammoniacal sohitioii. 

Precipitated with alpha-nitrosobeta-naphthoi as Co[CioHf, 0 (K' 0 )l 3 and tiie 
precipitate ( 1 ) ignited in O2 to C03O4 and. 'weighed, or ( 2 ) ignited i,ri ,H2 to Co 
and weighed. 

Copper 

Eiectrolyticaliy deposited as Cu. 

Precipitated with .H2SOg + KCNS and weighed as CuCNS ■+ 

H2SO3 -f 2 GNS“ + H2O 2 CuCNS -f SO4- + dH'D. 

Excess KI added and the liberated I2 titrated with standard 
( 2 Cip-" + 41 - + I2). 

Ammoniacal solution titrated with standa.rd KCN to the poi.nt of d..eeoloriza“ 
tion (2 Cu(NH: 3)4-^- + TCN" + HoO 2 Cu(CN)r -f CNQ- + 6NH3 + 
2NH4+). 

Precipitated, as CuCNS (see above) and tli.e preci'pitate titrated, witli 
standard KIO3 forming I2 w^Mch gives a violet color with chloroform 
(IQ CuCNS + I4IO3- + 14 H+ -aOCu++ + 10804 = -f 7 h 4 - lOHCN + 2H2O). 
Titration continued to disappearance of this color (2I2 -p IO;r -f SCI** -f 
6 H+ ~> 5 IC 1 + 3H2O). Net reaction; 4 CuCNS -f 7IO.r + 14 H+ + 7 C 1 - 
4 Cu++ + 4 SOr + 7 IC 1 + 4 HCN + SHsO. 

Cyanide 

(See under Nitrogen.) 

Fluorine 

Precipitated as CaFg, ignited, and weighed, as such. 

Precipitated as PbFCl from acid solution and weighed as such. 

Titrated with standard ' Th(N03)4 using zirconium-alizarin indicator 
( 4 F“ + TiD-^'++ ---> TI1F4) . 

Evolved as SiF4 by action with quartz and concentrated H2SO4, the gas 
absorbed in water and, the solution ' titrated with, ' sta:nd.ard NaOH 'using 
phenolphtlialein ( 4 PIF + 8^2 SiF4 + 2H2O.; 38 i,F 4 -f ZEN) -- 2H2SiF6 + 
IlaSiOsj.IKSiFrf + 60 H- 6 F“ + IKSiOa + 3H2O). 


.Chemically: or eiectrolyticaliy reduced to Au and weighed as, such. , 
Reduced to metal by measured amount of reducing agent (e.f/., oxalate) 
..and. excess titrated wi,th standard KMn 04 . ■ , 
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Hydrogea 

Volatilized as water aad loss in weight of sample determined. 

Volatilized as water and measured by gain in weight of a.bsorbiiig agent 
{e.g., CaCh). 

{Gas analysis) Absorbed on Pd sponge and loss in volume of gas mixture 
determined. Or volume change measured before and after combustion with O2 

Iodine 

(Iodide) Precipitated as Agl and w^eighed as such. 

(Iodide) Precipitated as Pdia and weighed as such (B,r” and Cl~ not 
precipitated). 

(Iodide) (VoUmrd method) Measured amount of AgiSTOg added and the 
excess Ag+ titrated with standard KGjSIS (Ag'^ + CNS“ AgCNS). 

(Iodide) Excess Fe2 (80,1)3 added, liberated I2 caught in KI solution and 
titrated with standard Na..2S20s (2I“ + 2Fe-^-^+ l2 + 2Fe-'"-^‘) (Br-”.and Cl- 
not affected). 

(Iodide) Excess KIO3 added in presence of acid and liberated I2 boiled out. 
Excess I03~ determined in cooled solution by adding KI and titrating the 
liberated h with standard NasS.Os (51- + IO.r + -~->3l2 -f SlIsO). 

(Iodide) Titrated with standard KIO3 in presence of concentrated HCi 
using chloroform as indicator. E is first liberated and colors CHCI3 violet. 
Color fades away at end point. Ket reaction: 21“' -f IO3- 3C1“ 4- .6H+ 
3ICi 4 SHaO. 

‘(Iodide) Titrated directly with standard AglSIOs using eosiii' adsorption 
indicator, 

(lodaie) Excess KI added and the liberated E titrated with standard 
NaaSoOa (10, r 4- 51" 4 6H+ 3I2 4- SHgO). 

(Free iodine) Titrated with standard Na2S203 using starch indicator 
(E 4 21- 4- SA-). 

(Free iodine) Titrated with standard NagAsOs using starch indicator in 
so,iution kept nearly neutral wdth excess NaHCQs (E 4* AsOs™ 4* 21:1003“ 
AsOr 4 21- 4- 200. 4 H2O). • 

Iron 

Precipitated as Fe(0H)3 with NH4OH or NaOH, ignited, and weighed as 
FeaOg. ' . 

Precipitated with cupferron as (G6H5NONO)3Fe from acid solution, ignited, 
and weighed as Fe203. 

Ferrous titrated with standard EMnO-i, K2Cr20T, or €0(804)2 (c.f/., 5Fe"^"^ 4 
MnOr 4- 811+ 5Fe+++ 4- Mn++ '4- 41120). 

Ferric treaterl with large excess KI and liberated I2 titrated with standard 
Na^SoOs (2Fe4++ 4 21- E + 2Fe++). 

Ferric titrated vidth standard TiCh solution using KCNS indicator (Fe+++ 4 
Ti+++ Fe+-^ 4 Ti++++). ■ 

■ Lead. 

Precipitated as PbS04 or PbCr04 or Pb]Mo04 and weighed as such. 

Electrolytically oxidized and deposited as Pb02j and weighed as such 
(Pb++ 4 2IE0 ^ 4* 4H+ 4* 2€). 
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Titrated with standard (NIIOaMoO.! using tannin as outside indieatoi 
(Pb^-^- + Mo() 4 “ PblVIoOd . 

Precipitated as PbCr04, the precipitate dissolved in acid and the Cr207* 
deteriniiied voliimetricaliy as under Chromium above. ■ 

Magnesium 

Precipitated from ammordacal solution as MgNH4P04, ignited, and 
weighed as MgnPaOj. 

Manganese 

Manganous ions oxidized by KClOs or KBrOs to Mn 02 . Precipitate ignited 
in air and weighed as j\Ins04. 

Precipitated as M11NH4PO4, ignited, and weighed as j\^ln2p2()7. 

(Bisnmihate method) Oxidized with NaBiOa or BiO^ to peronwigaiiate. 
Measured amount of FeS04 added, and excess ferrous titrated with sirsndard 
.K.M11O4 ( 2 M]rH^ + 5 NaBiQ 3 -f 14 H-^ -> 2Mn04“ •'h + oMu^ 4- TOlO). 

(FordrWilUams ^jiethod) Oxidized with KClOs in presence of e*ori('cnlr;it o;] 
IlNOs to M11O2. Measured amount of added, and llio Hcrnus 

titrated with standard KMn04 (Mn02 -f 2 Fe'^'=' +■ 4 IB' Mn" ■ -h ~r 

2H2O). 

(Persulfate nieihod ) ' Oxidized with. (NH 4 ) 2 S 208 (i-AgNO;i) to perman- 
ganate, and then titrated with standard Na^AsOs to indefinite valence of 
Arseiiite standardized against similar sample containing Iniown 

(Volhard method) Manganous ions titrated directly with, staiidaid KMuCh 
in solution kept neutral with ZiiO -f- 2 Mn 0 .r -f 2 ZiiO — 4 - 

2 Zn^"^ + 2H2O). 

Mercury 

.Precipitated as HgS and weighed as such. 

Electrolytieally preci,pitated as Hg and weighed as such. 

Titrated with standard KCNS using ferri.c a.].um indicator -f 

20 NS" Iig(CNS) 2 ] . 

Molybdenum 

.Precipitated as PbMG04 or Ag2Mo04 and weighed as such. 

Precipitated a,s H,g2Mo04 or as M0S3, ignited, and w^eigiied as MoO^. 

Reduced with Zii a.iid passed direc% into ferric alum. The red liced iron 
then, titrated with standard KMn04 ( 2 MoOF’ 4 - 3 Zn + 16 H’^ — AlMo"' 4 * 
3 Zn++ '+ SE.2O; 5MO+++' 4- BMnOr 4 8H2O -> 5AIoO,r' 4 -f inH;-'"). 

RIckel 

Precipitated 'with dimethyl glyoxime as [(CI:l 3 ) 2 .CN 0 Il.CN 01 ;iKi .imi 
w’eighed a, s: such. : 

Electrolytieally precipitated as Ni and. weighed as' such. 

Measured amount of KCN added to ammoniacal solution and the excess 
CA" titrated with standard AgNOs using III . in.dica.tor " -r 

4 CN"‘ Ni( 0 N) 4 ““ 4 6NH3; 2 CN~ 4 Ag+ AgfCN).”']. 

Nitrogen 

(Organic nitrogen) (KjeldaJd method) Converted by digestion with ems- 
centrated H2SO4 4 catalyst to NH4HBO4. Excess NaOH is then added, the 
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liberated NHa distilled into measured amount of acid and the • > 

titrated with standard NaOH using methyl red indicator 

{Amrmnmm) Excess NaOH added, the liberated NH, distilled intn 

™ ~-aoS 

{^nmmuura) Precipitated as (NH,).PtCh and weighed a^ such, or ignited 

•-» »>■ 

oN(V +^lMS*T 3 HrO)'' «t“dard KMnO^CSNOr + 2 MnOr + 6 H^ 

^ (Cyamde)^ (VoUiard method) Measured amount of AgNOs added and 
2 Ag+*-^ 4 g 4 CN) *) KCNS using ferric alum indicator ( 2 CN- + 

of “■ 

olhS^T*''”’ """"<1 •«« absortiioB 

Oxalate 

(See under Carbon.) 

Oxygen 

(Gas amlysis) Volume of gas mixture determined before and after ab- 
sorbing m alkaline pyrogallol. 

Phosphorus 

Precipitated as MgNH4P04, ignited, and weighed as MgjP.-Or 
(Iron and steel) Precipitated as (NH4)3P04.12MoO, and weighed as such 
or ignited and weighed as P2O6.24M0O3. ’ 

Precipitated as (NH4)3P04.12MoO. 
dissolved, the Mo reduced with Zn in a Jones reductor and passed directly 

KMnOi (2M0O4 ■+ 3^1 + 16 H+ -» 2 Mo+++ + 3 Zn+-^ + 8 H, 0 - Mo+++ 4- 

3 Fe-+ -h 4H2O M0O4- + 3 Fe++ -1- 8 H+). ^ 

reduced Ztttfi As in the preceding method except that the 

oSurs The Vto oxidation by the air 

occui, 1 he Mo, now iiaviug an average valence corresponding to the oxifle 
M024O37, IS titrated to Mq 04 “ with standard KMn04. 

(Iron amt steel) (Alkalimetric method) Precipitated as (NH4),P04 12 VI.jO, 
dissolved 111 a m««ured amount of standard NaOH and the excess ‘alkali 

“p 5 miotS “"V *'*« 

UNnij8PU4.12MoO,, + 230 H- -b 12M0O4- + HPOi” + 3NH4+ + HH.O. 

Platmum 

Precij)! tilted as KsPtGi^ and weighed as such. 
weigheT**'^*^^^ (NH4)2PtCl« and weighed as such, or ignited to Pt and 

Electrotyticaily reduced to Pt and weighed as such. 
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Potassium 

Precipitated as K2PtCl6 and weighed as such, or the precipitate reduced 
to Pt and weighed. 

Precipitated as KClOi and weighed as such. 

See also under Sodium. 

Selenium 

Reduced by Ii2S03, KI, etc., to Se and weighed as such. 

Silicon 

Precipitated as 1128103 , ignited to Si 02 and weighed. The impure Si(h is 
then treated with IIF, evaporated, reignited, and impurities are wtlghed. 
Loss in weight == Si 02 ( SiQ2 + 4HF SiF-i + 2H2O). 

Silver 

Precipitated as AgCl and weighed as such. 

(Volhard method) Titrated with standard KCNS using ferric alum indi- 
cator (Ag+ + CNS- AgCNS ). 

Titrated with standard NaCl using fluorescein as an adsorption indicator. 

Sodium 

iSilicates) (/. Lawrence Smith method) Silicate decomposed by heating 
with CaCOs + NII4CL Leached with water, removed, filtrate evapo- 
rated, and residue ignited. NaCl -f KCi weighed. K then determined as 
KCIO4 or K2PtCl6. Na determined by difference. 

{S 7 nall amomiis) Precipitated as NaZn(U02)3(C2Hs02)9.6H20 or as 
NaMg(lJ02)3(C2H302)9.63/2ld20 and weighed as such 


Strontium 

Precipitated as SrS04 and weighed as such. 


Sulfur 

(Sulfate) Precipitated as BaSOd and weighed as such. 

(Sulfate) (II mman method) Excess acid solution of Ba0r04achied (SOi" *f 
Ba'^"*'Cr04“' BaSQ4 -p Cr04“'). Excess NH4OH added to pre(d|)itat.e excess 
BaCr04. Combined BaS04 •+• BaCr04 filtered. Filtrate addifietJ, irreatc^d 
with excess, KI, and liberated Is titrated witii standard Na2S203 ((..'rsC)?"' 

+ 14 H+ -> 2 Cr+++ + 3I2 + 7H2O). In the ' titration each Cr./Jr is 
ecpivaleiit to 2804*". 

(Sulfate) Precipitated with benzidine hydrochloride giving Ci2Hs(Nli2)i>.“ 
■.H2SO4. '..Suspension of precipitate titrated with standard NaOll which acts 
only on the H2SO4. 

(S id fide) (Evolution method for alloys) Evolved as H2S by action of H Ci aiKi 
caught in ammoniacal solution of ZnS04. ' The solution is acidiiied; arid the 
H2S titrated with standard I2 .or standard KIO3 + KI using starch, indicator 
(H2S + I2 -- S',+ 2H+:,1- 2 I-). 

(Sulfide) Oxidized to sulfate, precipitated as .BaS04 and weighed. ,. ' 
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indicator. (SOr + 

(Penulfate) Me^ured amount of FeS04 added and excess ferrous titrated 
with standard KMnOi (SsOs" + 2Fe++ -> 2SOr + 2Fe++^) * “ 

(Thiosulfate) Titrated with standard I2 (2S20s“ + I2 + 2r-t 

{Thiocyanate) I " ’ 

with standard KCNS (CNS" 


Measured amount of AgKOs added and excess Ag+ titratec 
.A ”.!- + Ag^ AgCNS ). 

Xhorinm ' 

Frecipi,ta,ted as Th (0204)2, ignited, and weighed as ThOg. 

Tin 

Precipitated as H..S11O3 by hydrolysis, ignited, and weighed as SnO.. 

I reeipitated as SnS2,' ignited, and weighed as SnOs. 

_ Moy treated with HNO2 leaving HjSiiOs as residue. This is 

1.1 

2F + 2J’eCl4- Sn-^Cle- + 

Titanium 

Precipitated as Ti(OH)4, ignited, and weighed as TiOg. 

Pi'eeipitated with cupferron, ignited, and weighed as tiOa. 

Itedueed by Zn (but not reduced by SnCh) to Ti+++ and titrti+o^ .,-11 
yandard KMnOi, or passed from mne reducto^ltric 
duced iron titrated with stendard KMnO^ (2Ti++++ + Zn -» ‘>Ti+++ 4- 

7; + dPtor 

. .. titrated with standard ferric alum using NaCMS 

indicator (Ti+++ + Fe+++ -> Ti++++ + Fe++). ^ .^'‘U4UiSlb 

Tungsten 

Js;s“ •«»»(.. 

Uranium 

Pycipitated with NI-I4OH as (Nlhl^U^O, ignited in air, and weighed as 

Precipitated 11SU02NH4PO4, ignited, and weighed as (UO.).?^©, 

Reduced with itii and titrated back with .standard KMnOi '(UO3++ + Zn + 

2Mn-^+ 4H+)^ 5U++++ + 2Mn04- + 2 H 2 O + 

Vanadium 

Precipitated as HgVOj, ignited, and weighed as VsOe. 

^ Precipitated as Pb(VO,)j, fumed with H2SO4, filtered, ignited, and weighed 
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Reduced from 5 to 4 by SO2 or HsS and titrated back with stand 
(2VO3” + SO2 + 4 H+ -^2VO++ + SOi” + 2H2O; 6VO++ + MnO^' 
6VO3- + Mn++ + 12H+). 


Zinc 

Precipitated as ZnS, igiiited, and weighed- as ZnO. 
Precipitated as ZnNIi 4 P 04 and weighed as such 
and weighed. 

Titrated with standard K 4 Fe(CN )6 using FeS 04 i 
U02(N0 s) 2 as external indicator. The net equation is: 


or ignited to ZriaPaOs 


Zirconium 

Precipitated as Zr(OH)4, ignited, and weighed as ZrOs. 

Precipitated with cupferron or phenyl-arsonic add, ignited, and weighed 

ZrOa. 

Precipitated with HaSeOa as ZrOSeOs, ignited, and weighed as ZrOj. 
Precipitated as Zr(HP04)2, ignited, and weighed as Zi'P^Or. 



PART VII 

PROBLEMS ON SPECIFIC GROUPS 
AND DETERMINATIONS 

•A. QUALITATIVE ANALYSIS 

Silver Group 

(See also Probs. 54, 66, 109, 126, 153, 155, 174.) 

837. Silver chloride dissolves in NH4OH according to the tHiniiikm: 
AgCl -f 2NIi40H —> Ag(NHK)2'^ + Cl"" + 2H2O. Calculate (a) luinihor fsf 
gram-moles of NHA)!! equivalent to 1 F.W. of AgCl, (6) numbe.!’ of gi'aniH of 
NH.*! equivalent to 1 F.W. of AgCl, (c) number of gram-ions of Cl " |>rodm‘e«l 
by dissolving 1 F.W. of AgCl. 

838. Assuming 20 drops to equal a milliliter, how many drops of 2.0 fornial 
NILiCi solution would be reciuired to precipitate the silvcn* from a sol!i1if>n 
containing 100 mg. of AgNOs? How many millimoles and how many milli- 
grams of NH4CI does each milliliter of the reagent contain? How many milli- 
liters of 5.0 normal NH4Ci should be taken in order to prepare 500 ml of the 
2.0 formal solution by dilution with water? 

839. A . neutral solution containing 0.0170 gram of dissolved AgN'O^ is 
treated with an aqueous solution, of 0.120 millimole of HCl and the piocipi- 
tated AgCl is filtered off. (a) How many gram-ions of Cl“ and bow many 
grams of Gl”” are present in the filtrate? (b) How many milliliters of A1 fd)H 
(sp. gr. 0.96 containing 9.9 per cent NH3 by weight) . would be required to 
neutralise the acid in the filtrate? (c) liovr many milliliters of 2.0 N N EliOH 
would be required to dissolve the AgCl precipitate? 

840. Complete and ba-la.iice the following equation: Hg20.2 + NH 4 OH 

+ HgF[H2CI What oxidation, numbers does mercury show in 

this, reaction? How many grains of mercurous chloride would give 0.0 1 00 F. W' . 
of the ami do compound, by this reaction? How many gram ato,ms of mer- 
cury would be fo.rmed at the same, time,, and how" many grams of nniiiUUiUiin 
chloride could be obtained, by fi,Itering' and evaporating the filtrate to dryness? 
How many '.milliliters of ammonium hydroxide (sp. gr. 0.970, containing 7.31 
per cent AHIa by wTught) would be required in the reaction? 

841. is the solubility product of lead chloride, PbCbj'if 550 miliigranis 
dissolve in 50,0 ml? . How .many milligrams of . chloride ions .must be present 
in 3.00 mi. of a solution containing 0.100 millimole of PbCNOy)^ in order to 
gWe a precipitate of lead chloride in the silver group? 
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842. To a solution containing 50.0 mg. of and 50.0 mg. of Pb+-*' are 
added sufficient NH4CI solution to give precipitates of AgCl and PbGi2 and 
make the surrounding solution half normal in chloride ions. If the volume of 
the solution is 30.0 ml. and the solubility products of AgCi and PbGb are 
1.0 X 10”^<^and2.4 X respectively, how many niilligranis of silver and of 
lead will remain imprecipitated? How many milliliters of boiling water are 
required to dissolve the precipitated lead chloride if its solubility at 100°G. is 
0.120 F.W. per liter of water? How many milligrams of silver chloride would 
dissolve by this treatment if its solubility at 100°C. is 0.150 millimoles per liter 
of water? 

Hydrogen Sulfide Group 

(See also probs. 55, 57, 67, 106, 108, 110, 123, 128, 162, 163, 167, 171, 172, 
176.) 

843. If precipitation of sulfides is carried out in a solution 0.30 In in hy- 
drogen ions, what is the pH value of the solution? What is the hydroxyl-ion 
concentration? 

844. A solution contains dilute HNOs and 0.0485 gram of dissolved 

Bi(N03)3.5H20. The bismuth is precipitated by IIS as follows:' + 

3H2S K A + OI'H. Calculate (a) number of formula weights of bismuth 

sulfide produced, (b) number of grams and mimber of milliliters (standard 
conditions) of II2S required, (c) increase in the number of gram-ions of 
accompanying the precipitation. 

845. The bismuth sulfide of the preceding problem is dissolved in HKO3 
according to the ionic equation: Bi^Ss + 2NO;r SH+ —> 2Bi’^'+‘+ + 2NO + 

d” 2NO + O2 (air) ~^2N02. Calculate (a) , number of formula 
weights of Bi (1^03)3.51120 obtainable from the resulting solution, (h) number 
of formula weights of HNO3 required; (c) number of milliliters of HNO3 
(sp. gr. 1.13, containing 21.8 per cent IINOs by weight) required, (fl) number 
of gram-atoms of sulfur produced, (e) number of millimoles of NO gas formed; 
(/) number ol grams of NO2 subsequently produced, (g) percentage of .nitrogen 
in the NO2 gas. . " ■ 

840. How many milliliters of H2SO4 (sp. gr. 1.14, containing 19.G per cent 
H2S()4 by weight) are theoretically required to precipitate 10.0 milligrams of 
pb4-!-> hat is the normality of the above sulfuric acid and what is its com- 
position in terras of percentage of combined SO3? How many formula weights 
of NH4C2H3O2 would be required to dissove the resulting precipitate of lead 
sulfate? 11 the latter solution were diluted to 50.0 ml., what would be iis 
normality in terms of lead acetate and its molarity i.n terms of ammonium 
sulfate? 

^ 84T. When H^S is passed into an acid solution containing 0.10 F.W. of 
KsCi^Oy, the following reaction takes place: KnCroO: -f 3H2S + 8HC1 
2CrCl3 4“ 2KG1 -f 3S -f- 7H2O. (a) Write this equation in ionic form ob- 

serving the usual conventions, (b) Express the reaction as the difference 
between two half-cell reactions, (c) How' many formula weights of chromic 
chloride and how many grams of potassium chloride could be obtained by 
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evaporating the resulting solution to dryness? (d) How many gram»atf>nis 
of sulfur are forn'ied? (fi) How many millimoles of HoS are oxidized? (/) How 
many milliliters (standard conditions) of HsS are oxidized? (g) If the inilial 
solution lias a volume of 100 ml. and is 0.30 N in HCl, what is the avid nor- 
mality of the solution after the above reaction has taken place, assuTiiing no 
appreciable clninge in volume? 

S4.8. In the precipitation of the copper-tin groups from acid solution with 
oxidizing agents like permanganate ions and ferric ions are ix'dui'cd hy 
the I'liiB and the latter is oxidized to free sulfur. Write ea,cli of tlic'e two 
redox reactions as the diiierence between two half-cell reactions, and mlcuiate 
the number of miiliinoles and the number of milligrams of KHrdh and of 1 H 1;; 
thiite reduced by 10.0 ml. of IhS gas (measured under standard <'onditions). 

849. Balance the following equation and express it as the differtuice bet ween 

two luilf-ceil reactions: IlgS + ClOy + Ci” HgCh'” -f SO.i ', Asnuhh^ that 
0.233 gram of HgS is dissolved according to this e(pialion {Uid tlu^ soluliun 
dilute<i to 50.0 ml. If excess chloride ions are {>resent in suiiic'ient amount, to 
make the chloride-ion concentration 0.510 molar, lawv many rnilligiains of 
mercury arc present as simple ions? (13issoc,ia.t.ion corist.a,iit of I ™ 

1,0 X 

850. A solution containing 0.010 F.W. of CdSfh and O.OiO F.W. of (hSOq is 
made aminoniacal and treated with exi*css KCJN, forming CkKC'X)^'" and 
Cu(CX);r. The resulting Solution is O.SO molar in CX” ions, ^^'ha,t is the 
molar concentration of Cd'^"^ and of Cu+ in the solution if tlie dissociation 
constant of Cd(CN)r is 1.4 X and that of Cu(CX)r is 5 X lO""-^? 
Are these values consistent with what happens when II 2 S is passed into the 
complex cyanide solution? 

861, Mercuric sulfide dissolves in a solution of Na-iS + XaOH ( HgS + 

g- —V HgSa'"') but not in a solution of (N’lHlsS -F NH4OH. This is due to tlie 
difference in the degree of hydrolysis of the sulfide ion: + II 2 O — IIS" -f 

CIl". Calculate the numerical value of the mass a,ction hytlrolysis constant 
[1IS"]I0H"]/[S"'] by combining appropriate ionization constants given in 
Sees. 27 and 31. 

862. A solution conta.iiiing 30 milligram-atoms of bismuth as 15s = ■ is 

treated with HCl in sufficient amount to make tlie hydrogen-ion concent rat ion 
2 molar and the chioride-ion concentration 2 molar. Most of 1h(* hiMUUih is 
converted to BiCL“. The solution has a volume of 15 ml. and is made* (KIO 
molar in H 2 S. From the ionization constant of IBS calculate the 4*oncentrat ion 
of S" and from the dissociation constant of BiCh" calculate the e<*ncentration 
of Calculate the value of [Bi++-+]2[S"=p and predict from the solu!)iIity 

product of BBSs whether a precipitation of the sulfide is to he expected. 

AminoEitiitt Sulfide Group 

(See also Probs. 78, 120, 127, 140, 141, 154, 160, 161, 168, 169, 170, 173, 185.) 

853. A solution contains 0.280 gram of dissolved Fe 2 (S 04 )rj. 9 H 20 in 500 ml 
of solution, (a) What is the normality of the solution as a ferric salt? 





312 


CALCULATIONS OF ANALYTICAL CHEMISTEY 



(h) Wliat is its normality as a sulfa, te? (c) How many milliliters of 3.00 N 
NH4OII are required to precipitate all the iron as Fe(OH)s? (d) How many 
milliliters of barium chloride solution containing }4 millimole of BaGl2.2H.>6 
|:)er milliliter are required to precipitate the sulfate? 

864* From the solubility products of Mg(OH)2 and Fe(OH)3 calculate the 
number of grams of ferric ions that can remain dissolved in 100 ml. of a solution 
of such alkalinity that 243 mg. of will just fail to precipitate as Mg(OH)2. 

856. What is the molarity of a solution of CrClg which is 0.10 normal as a 
salt? How many millieqiiivalents of the salt are present in each milliliter? 
If the chromium is oxidised to dichromate arid the volume is twice a,s great 
as before, what would be the normality as a sodium salt of the Na2Cr207 
present? How many millimoles of FeS04.7H20 would be required to reduce 
this dichromate to chromic ions in the presence of acid? Write the ionic equa- 
tion as the difference between two half-'Cell reactions. 

856. How many milliliters of H2SO4 (sp. gr. 1.20) are theoretically required 
to dissolve 0.010 F.W. of Al(OH)3? What is the normality and what is the 
molality of the acid? 

857. How many millimoles of HNO3 are required to dissolve 0.020 gram- 
atom of metallic nickel (HNOs reduced to NO)? How many grams of NiS 
c*onld be precipitated from the solution? Show from appropriate mass-action 
constants why one would not expect precipitate to form from 100 ml. of the 
above solution if it has been made 0.30 normal in H+ and 0.10 molar in Ii2S. 
How high a molar concentration of sulfide ion would be necessary before NiS 
would start to precipitate? 

868. Starting wdth 0.010 gram-ion of 2n+‘'', how many millimoles of NHg 
are theoretically required to form the ammonio complex ion? If three times 
this amount of ammonia are used and the total volume is 250 ml, what is the 
moiar concentration of Zn+'^? 

Alkaline Earth and Alkali Groups 
(See also Probs. 124, 135, 142, 168, 177.) 



869. A solution is 0.030 formal in ions. W^hat value must the chromate- 
ion concentration be in order for SrCr04 to start precipitating (Ks.p. for 
SrCrO.! = 3.0 X 10“®)? ' How many grams of Ba‘+"^ could remain dissolved 
ii! each milliliter of such a solution (Ks.p. for BaCr04 = 3.0 X 10“^’^')? The 
mass-action constant for the equilibrium 2Gr0.r' + 2 H+ 0120)7“ H2O is 

4.2 X 10^‘h If the above solution contains sufficient and NH4G2H3O2 

to give a pH value of 5, what would be the di chromate-ion concentration? 

860. How many grams of CaCB should be taken to prepare 100 ml. of 0.20 N 
solution? How many millimoles of H2C2O4.2H2O •would be required to pre- 
cipitate all the calcium? How many gram atoms of magnesium could theo- 
retically be held as Mg(C204)2'“ by this amount of oxalic acid? 

861. How many milliliters of a solution of K2Cr207 which is 0.10 normal as a 
potassium salt would be required to precipitate 0.010 gram-atom of barium 
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862. How many gramn of NHs would be liberated from l.OO gram-eqiii valent 
w(‘ight of (XH 4 )‘J!S 04 by the action of NaOIi? If this Nils wctc ahsoibctl in 
water and diluted to one liter, what would be tlie normality aial the apqruxi- 
mate specific gravity of the soiiitioii? How many milliliters of 3. HI M ii.jShXi 
would it neutralize? 

Anion Groups 

fSeealso Probs. 107, 125, 130, 156, 157, 159, 165, 178, 170, 182.) 

863. Comi)lete and balance the following: NO^r + A1 + OH~ — ^ XIP -f 
AlOs" Also write it a.s the difference between two half-cell redactions. If 250 
lug. of Na-XOs are reduced as above with excess aluminum in th<^ pre>eiu'(d oM’ 
XaOIl, how iruiny milliliters of N/2 HuSCb would be re(|uired io neui raiize the 
XH ;5 liberated? How many gram-atoms of aluminum arc IlieorcticMlIy jf- 
qiiired for tlie reduction? 

864. If 100 milligrams of sodium oxalate Xa'/hO-n arc heated wifi* cmcTUh 
Irated lioBO.i, what volume of mixed gases would be obdnined when mca-unal 
over water at 753 mm. pressui'e and 25T.? (Xa 2 C ’204 + ILjvSt)! X.‘5,Sth 
CO -f CO 2 -f H 2 O.) What volume of gas woulil be obtained funder the stmic 
conditions of temperature and pressure a,s ah<A'o) if the 100 mg. of stadium 
oxalate were treated with excess KHnO-j in the presence of dilute 11-80..? 

B. QUANTITATIVE ANALYSIS 
Water 

(See also Probs. 259, 360, 361, 367, 368,' 369, 372, 373, 374, 375, 377.) 

866. A manufacturer purchased 130 tons of material at 0.20 cent p«}r pound 
per cent A on a guai'antee of 10.00 per cent A. The material was siiip{>ed in 
cars, and on arrival the manufacturer bad it analyzed. The ciiernist reported 
10.46 per cent A but neglected to state that he had dried the sample at lOO'C. 
The manufacturer paid on a 10 per cent basis, figuring he had made money. 
In reality, he lost $520. What was the percentage of moisture i?i the niaterial? 

866, Ten tons of Xa^BOp. contvaining 6.30 per cent moisture were puixduised 
at the market price. During storage, 10.0 per cent of the .sodium .sultlio w.as 
oxidized to sodium sulfate. The salt when .sold contained 3.20 per emit of 
its weight of water. The salt was sold as C.P. Xa^SOs at the saniO price as 
purchased. Calculate the gain or loss in the transaction figuring the nuu’ket pi ice 
.as 3.25 eent-s per pound. 

Sodium. Potassium 

(See also Probs. 283, 306, 307, 313, 314, 322, 539, 541, 542, 543, 723, 724, 
725, 730, 731, 732, 734, 1028.) 

867, If in tlie analysis of a silicate a mixture of pure XaCI and KCl wtughing 
0.2500 gram was obtained from a sample weighing 0.7500 gram and if this 
mixture of chlorides contained 50.00 per cent chlorine, compute the pert'cuitage 
of K 2 O ill the silicate. Wliat weight of potassium perchlorate would lua e been 
obtained if the chlorides had been analyzed by the perchlorate method? 

868, In the J. Lawrence Smith method for potassium using a O.oOOO-gr.M m 
sample of niinenil, the analyst fails to expel all the ammonium chioritie from 
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Ssoof ^ The insoluble precipitate with chloroplatinic acid weighs 

J.OhO^l gram. On igmtion the weight is changed to 0.05969 gram. Wh^it 
yiuld be the weight if the ignited precipitate were washed with water and 
dned, and wliat is the percentage of K2O in the mineral? 

869. With a 0.5000-gram sample of pure NaKCaSi.Oe (mol. wi;. = 954 si 
what would be the financial saving of the perchloric acid method over the 
C l oroplatimc acid method with 3.00 N perchloric acid at $18 per liter and 
pktmum at $6 per gram? Assume these reagents to be added in sufficient 
founts to react with both the sodium and potassium in the sample and that 
80 per cent of the platinum is recovered. Neglect all other costs. 

870. Caustic potash is to be produced by the electrolysis of a solution of 
poias,sium chloride. A solution containing 100 grams of KOH per liter is 
required An average current of 900 amperes is used; and, at the end of 5 00 
hours, 102 liters ol caustic potash, 1.520 N as an alkali, have been produced. 

ow much longer must the electrolysis be continued in order to produce the 
desired concentration, and what is the current efficiency at the cathode? 

(dissolved in aqua regi,a) and how many milli- 
hters of HCIO4 (o.OOO N as an acid) would theoretically be required to ore 
cipitate the potassium from 0.5000 gram of K,PO, without allowing for the 

XrTmitio'i!? Pr®«Pitote weigh 

872 4Vhen an electric current is pa.ssed through a solution of sodium 
chloride, motalhc mercuiy being used as a cathode, metalUc sodium is liberated 
and dissolves in the mercury, forming a hard gray compound which shows the 
properties of an alloy and is called an amalgam. Sodium amalgam is u,=ed 
NaHg*'"*^^^ ^ ^ reducing agent and contains a compound of the formula 

Fi\e grams of the amalgam are placed in a flask containing about 100 ml 
of water and allowed to stand with repeated shaking until the evolution of 
n soJuWon is then titrated with 40.75 ml. of 

0.1067 A of HCl, methyl orange being used as an indicator. Write the 
equation for the reaction of NaHgj on H2O. Calculate the percentage of Na 
m the sample. a 

Ammonium. Ammonia. Nitrogen 
(See ako Probs. 250, 258, 280, 520, 523, 524, 625, 532, 544, 1011.) 

873. Ten niilliliters of ammonium hydroxide (.sp. gr. 0.960) are diluted 
to exactly 100 ml. in a calibrated flask; 10.00 ml. are vritlidrawn in a pinet 
made acid ivitb hydrochloric acid, and an excess of chloroplatinic acid is 
added. .Wter evaporation and dilution xrith alcohol, the insoluble residue is 
dned and found to weigh 1.240 grams. Calculate the percentage of NH- bv 
weight in the original ammonia sample, 

iJlt Wf-gram sample of urea, CO(NH2).., is determined 

n'lnno^xT^rf'^^* method. The evolved ammonia is passed into 160 ml. of 
0.1-00 N H^O,. How many ml. of NaOH solution would be required for the 
excess acid ,f 1.000 ml. NaOH o 0.00700 gram of hydrated o.xafic add? 
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875. The nitrogen in 5.000 grams of leather is converted into ammoninin 
bisulfate. After the sain.ple has been treated with excess NaOH, the Klh 
evolved is passed into 90.0 ml. of 0.4990 N acid and the excess and titn-ned witli 
22.05 ml. of 0.1015 N NaOH. Find the percentage of nitrogen in, the leather. 

876. Nitrogen, existing as mtride in a. crucible steel, is determined by de- 
composing a 5.00-gram sample with HCL The resulting NH4CI is decompised 
with NaOH, and the liberated NH3 is absorbed in 10.05 ml. of H2SO4 which is 
exactly 0.00990 N as an acid. After absorption, the concentration of the 
112804 is determined by adding an excess of KI and of KlOa and titrating with 
standard Na2S20;} the I2 liberated. The Na2S20g is of such strength that 42.0 
ml. are equivalent to the I2 liberated from an excess of KI by 20.0 nil of 0.0258 
N Ivhlii04,, and in the above titration 5. 14 ml. are used. Calculate tlie percent- 
age of nitrogen in the steel 

877. A sample of impure ammonium chloride is dissolved in \rater, and the 
solution is divided into two equal portions. One portion is made alknline 
with NaOH, and the liberated ammonia is distilled into 100 ml. of 0.1000 N 
sulfuric acid which is then found to require 43.90 ml. of 0.1320 N NaOH for 
neutralization. The other portion is treated with sodium hypobrornit e sol ut ion 
(2NH3 + 30Br*” 3Br“ 4- N2 + SHoO), and the liberated nitre^en is found 
to occupy 51.30 ml. when measured over waiter at 20''C. and 753 nim. pressure. 
If the first method gives correct results, w'hat is the percentage error of tlie 
gas-volumetric method? 

Silver. Mercury. G/)id. Platintiin 
(See also Probs. 333, 335, 338, 341, 346, 718.) 

878. If a sample of silver coin weigliing 0.2500 gram gives a precipitate of 
AgCl weighing 0.2991 gram, what is the percentage of silver in the coin and 
what volume of 0.05000 N KCNS solution w^ould have been used if the silver 
in the same w^eiglit of sample had been determined volumetrically by the 
Yolhard method? 

879. Mercury , like silver, forms an insoluble thiocyanate [Hg+'‘' -|- 2CNS“— > 
Hg(€fNS )2l and can be determined by. titration with standard KCNS. 
How., many milliliters of 0.08333 N KCNS would be required to titrate the 
solution of 0.6000 gram of an amalgam consisting of 70.00 per cent !lg and 
30.00 per cent Ag? 

880. What weight of metal can be deposited at the .cathode in 20 

by the electrolysis of (a) HiVuCb, and (b) H^PtCb, using an average current 
strength of 1.50 amperes? What material would you use for the coiistruction 

of the .anode?. 

' Halogens. Cyanide. Thiocyanate. , Halogen acids ' 

(See also Probs. 249, 257, 268, 286, 288, 298, 308, 311, 316, 324, 325, 326, 
327, 328, 329, 330, 331, 695, 713, 720, 7.21, 722, 726, 735, 736, 737, .738, "740, 
741, 744, 745, 746, 747, 748, 1013, 1014, 1018, 1019,- 1027, . 10^^^ ■ 

881. In the determination of fluoride in a given sample of a salt mixture, 
if 20.00 ml of NaOH (1.000 ml 0.01021 gram potassium acid phthalate) 
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were required, what weight of precipitate would be obtained if the same weight 
of sample were analyzed for fluoride gravimetricaliy by precipitating as lead 
chlorofluoride? 

Barium. Strontium. Calcium. Magnesium 

(See also Probs. 278, 282, 285, 286, 295, 312, 315, 317, 318, 319, 323, 362 
628, 537, 540, 545, 645, 667, 715, 717, 733, 891.) 

882. A sample of calcite (impure CaCOs) weighing 1.402 grams is titrated 
with liCl and requires 25.02 ml. What is the alkaline strength of the sample 
in terms of per cent CaO if 20.00 ml. of the HCl will just neutralize the NH® 
that can be liberated from four rnillimoies of (NH4)3P04.2B[20? 

883. Given the following data: 35.27 ml. la solution =c= 0.02991 gram, AsaO;!; 
30.00 mi. h solution 45.03 ml. Na2S20s solution; 25.82 ml. Na2S203 will 
reduce the iodine liberated from an excess of KI by 31.05 ml. KM11O4 solution* 
15.42 ml. KMn04 ^ 16.97 ml. KHC2O4.H2C264.2H2O solution; 1.000 ml 
KHC2O4.II2C2O4.2PI2O solution =0= 1.074 ml. NaOH solution; 10.00 ml. NaOII 
solution =0= 12.00 ml. HCl solution. How* many grams of CaCOs will be reacted 
upon by 29.83 ml. of this HCl solution? 

884 . A sample of Epsom salts is supposedly C.P. MgSO^-THoO. On analysis 
of a sample weighing 0.8000 gram, the magnesium precipitated as MgNH4p04 
and ignited to ]Mg2P207 was found to weigh 0.3900 gram. 

The sulfate precipitated as BaS04 w-eiglied 0.8179 gram. 

(a) Is the sample chemically pure? (b) If not, is the sample contaminated 
with excess magnesium salt, excess sulfate, or excess water? (c) Is the 
magnesium equivalent to the sulfate? 

885 . Basic magnesium carbonate corresponds approximately to the formula 
4AIgC03.Mg(0PI)2.6H20 (F.W. = 503.7). The substance is sometimes 
roughly analyzed by determining its loss on ignition, but more generally by 
titration. 

A sample w’eighing 1.000 gram is dissolved in a 25-ml. pipetful of 1.000 N 
HCl and the excess acid requires 5.01 ml. of 1.010 N NaOH. Calculate the 
percentage purity of the sample in terms of the above theoretical formula. 
What w’ould be the loss on ignition of a 1.000-gram sample of the pure 
substance? 

886. A sample of dolomite is analyzed for Ca by precipitating as the oxalate 
and igniting the precipitate. The ignited product is assumed to be CaO, and 
the analyst reports 29.50 per cent Ga in the sample. Owdiig to insufraaent 
ignition, the product actually contains 8.00 per cent of its weight of CaCOs* 
What is the correct percentage of Ca in the sample, and wdiat is the per- 
centage error? 

887. A sample of magnesia limestone has the followdng composition : 

, Silica =, 3.00 percents 

Ferric oxide and alumina = 0.20 per cent 
Calcium oxide = 33.10 per cent 

Magnesium oxide « 20.70 per cent 

Carbon dioxide = 43.00 per cent 
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In. the ma.n,iifactiire of lime from the above, the carbon dioxide is reduretl 
to 3.00 per cent. How m.any milliliters of 0.2500- N KMn04 will be requireci 
to detei'mine the calcium volumetrically in a 1.000-gram sample of tlie lime? 

888. .A. sample of limestone containing 34.75 per cent Ca is given \o a 
student for analysis. Using a 1.000-gram sa.mple the student reports 35.20 
per cent Ca. If the error was due to insufficient ignitioii' of the calciiifri 
oxalate precipitate causing contamination of the CaO by CaCOs, whaf. was 
t.lie percenta.ge of CaCOs in the ignited product? What wa,.s the pc^iventagfs 
error? What volume of sulfuric acid (sp. gr, 1.06, containing 8.77 p(-r {amt 
H2SO4 by weight) should be added to this product to co.,nvert all the Ca into 
CaSO-i? What woi.ild be the new weight of the ignited product? 


Lmiestoae. Lime. . Cement 
(See also Probs. 246, 363, 364, 376, 378, 1025, 1026.) 

889. From the following data, compute the pereenta.ge of SiOo, Al20;i, 
M,g(), and CaO in a sample of cement weigliing 0.6005 gram: Wfdglit, of 
SiOa = 0.13S0 gram. Weight of Fe203 4- AU\ = 0.1201 gram. Weigiit 0 ! 
'Mg«P/>r = 0.0540 gram. Volume of 0.1429 N ]iM’n04 for the Fe in tlie above 
ig iited piecipitate = 2.05 ml. Volume of this KAlnC'h required, to titn-ite tlie 
ptef] pit a led calcium., oxalate = 45.12 ml. 

890. A limestone contains only SiO-, CaCOs, FeCOrj, VlgCCA, MiiCCh. 

Calculate the percentage of CO2 .from the following data: Sample = 0.800 
grain. Fe 203 + MmO.! = 0.0521 gram and requires 5.00 ml. of 0.1,112 'K 
KAi,ii 04 for the iron. CaS 04 = 0.7250 gram. - 0.0221 

891. A sample of li.mestone contains only silica, ferrous carbonate, calcium 
Ciirboriate, and .magnesium carbonate. From a. sample weigliing 1.200 grams 
tliere were obtained 0.0400 gram of ignited ferric oxide, 0.5003 gram of (^Os, 
and 0.5007 gram of magnesium pyrophosphate. Find the volume of ammonium 
oxala.te solution [containing 35.00 grams of (NH4)2C204.H20 per liter] required 
to precipitate the calcium as oxalate. Also calculate the normality of K^f 11.O4 
if 38.00 .ml. are required to titrate the oxalate precipitate. 


Iron. Alumimim. Titanmm 

^ (See also P,robs. 245, 251, 271, 281, 284, 289, 293, 294, 301, 302, 303, 304, 

' 305,' 309, 320, 366, 375, 639, 641, 646, 651, 657, 668, 672, 673, 675, 677, 703, 

,, 764,. 810.) 

- 892, How many milliliters of a,mmomu.m hydroxide (sp. gr. 0.946, eon- 

, taining 13.88 per cent' NH3 by wmight) are required to precipitate the iron as 
! Fe(0]i)3 from a sample of pure FeS04.fNtl4)2S04.6H20' which requires 0.3'1 mi. 

i of hot H.NTA; (sp. gr. 1.350, containing 55.79 per cent HNO3 by weights) for 

j oxidation? Assume reduction of HXOg to NO. ... 

j 893. A sample of magnetite (impure Fe304) is fused with 'an 0xid.i2i.ag .flux, 

leached with water, and acidified. The solution, is- divided unto, two equal , 
portions. 

In one portion the iron is precipitated as Fe(OH)s and ignited in the regular 
wuiy. What was the weight of the original sample if the Biimber of centigrams 
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of ignited precipitate is found to be one-tliird the percentage of Fe304 in the 
sample? 

In the other portion the iron is reduced with zinc and titrated with KMn 04 , 
What should be the normality of the KMn04 so that the percentage of .Fe304 
mill be twice the buret reading? 

894. A 1.000'gram sample of limonite containing inactive impurities is dis- 
solved in acid, and the solution is divided into two equal portions. One 
portion is reduced and titrated with KMiiO.! (1.000 ml. =c= 0.008193 gram 
H2C204.2f:l20), The other portion is just neutralized, and 40.00 ml. of 1.500 N 
ammonia are added to precipitate the iron. This is in excess of the necessary 
amount, and the number of milliliters in excess is equal, to the number of 
.milliliters of KMn04 required in the volumetric process. What is the per- 
centage of Fe in the sample? 

895. If 60.00 ml. of BaCh (0.1000 N as a precipitating agent) are required 
just to precipitate all the sulfate from a sample of pure ferric alum, Fe2(S04)3. 
(NH4)2S04.24H20, how many milliliters of NIWOH (sp. gr. 0.900, containing 
2S.33 per cent NHa by weight) would be required just to precipitate all the 
iron from the same w^eight of sample? 

896. What is the percentage purity of a sample of ferrous sulfate FeS04.7H20 
weighing 1.000 gram, if, after it has been dissolved in water, 10.00 ml. of 
0.1100 N hydrochloric acid have been added to it, and it has been oxidized 
with bromine, 11.73 ml. of N NITiOtl are required to neutralize the acid and 
precipitate the iron as Fe(OH)3? 

897. How^ many milliliters of 0.1250 N KMn04 are needed to titrate a solu- 
tion containing ferrous iron if by a gravimetric method 3.50 ml. of 6.00 N 
ammonia water are required to precipitate the iron after oxidation to the ferric 
condition? 

898. What ’weight of mineral containing ferrous iron shoiild be taken for 
analysis so that tmce the number of milliliters of permanganate used for 
oxidation (20.0 ml. 30.0 ml. of potassium tetroxaiate solution w^hich is 
0,0400 N as an acid) will be three times the percentage FeO? With this 
w>-eight of sample, 15,0 ml. of the permanganate are required, and the vrater 
evolved by strong ignition weighs 0.0256 gram. What is the percentage 
of FeO in a finely ground sample in wdiich the percentage of water is 1.05? 

899. After decomposition of a half-gram sample of a certain mineral and 
the removal of silica, the addition of bromine and Nn40H precipitates 
Fe(OH)3 4- A1(0H)3. On ignition, these weigh 0.1205 gram. They are then 
fused with KHSO4, dissolved in dilute H2SO4, passed through a column of 
amalgamated zinc, and the iron titrated with KMn04 (1.000 mi. 0.02500 
millimole Na2C204), requiring 22.46 mi. What is the percentage of AI2O3 
and of FeO in the original sample? Flow many milliliters of NFhOFl (sp. 
gr. 0.970, containing 7.31 per cent Nils by weight) were required just to 
precipitate all of the ferric iron and aluminum from the solution after neu- 
tralizing the acid? 
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, 900* ''Iron by hydrogen ” is obtained by reducing pure FeoO,i wit}] hydrfigf^n. 
It is a fine gray powder used analytically as a, reagent fur the detei’minatiuit 
of nitrates by reduction to animonia. The material should cuniain at lea.d 
90 per cent metallic iron and is generally contaminated with an oxide a>Muued 
to be FeiAi, as the reduction is not complete. The metallic ii'un in tht* sample 
is soluble in a neutral solution of FeCb, according to the equation Fe + 
~> and the ferrous chloride formed is determined hr tit rati uii 

with K.M11O4. 

Ill an actual analysis, 0.5000 gram is weighed into a lOO-mf. measuring 
flask, the air displaced with CO 2 , and wmter added, 2.500 grams (an cua-ossi 
of anhydrous FeGb (free from. are. added, and the flask stoppered and 

shaken for 15 minutes. The solution is diluted to the mark, mixed, and 
liitered. Twenty milliliters of the filtrate are titrated with 11. Hi ruL of 
0.1094 N KMnO .1 after the addition of sulfuric acid and mangaiur'-ic sulthfe 
titrating solution and proper dilution. Calculate the pei’centage oi' metallic 
iron i.n the sample. 

901. A sample of aluminum sulfate is known to be contaminated uifh 
iron and raangaiiese. A sample weigldng 3.362 gram is <lissolvcd in dilute 
acid, and bromine and aiiiinonia are added to precipitate Alffdlt..^, Fed) lbs 
and AfnOs. Treating the precipitate with concentrated ilNO:. dis^folxu's 
the iron and aluminum hydroxides and leaves the MuOl*. lljis MnO- is 
ignited in air (forniing AIinA) and the product is found to weigh 0.()3t>3 gram. 
The HNOs solution is evaporated w^ith H2SO4 and the iron eventually redur-ed 
and titrated with 4.90 ml. of 0.1020 N KMnO.!. An aciii solution of 3. 820 
grams of the original salt gives with bromine and ammonia a precipitate that 
on ignition in air w^eighs 0.5792 gram. What is the percentage of Ai/h 
and of Ain and Fe in the original material? 

902. A volumetric method for aluminum has been found useful in certain 
cases. The aluminum is precipitated with 8-hydroxy quinoline (‘Hjxine’’) 
and the precipitate is dissolved in acid and titrated with standard KBrO. 
(i-KBr) (See Part VI, under Aluminum). If an excess of KBr is used and the 
titration requires 48.0 mi. of KBrO.i (of wiiich 1.00 ml. will liberate from exeesb 
K1 in the presence of acid suflieient I 2 to require 1.00 ml. of 0.100 X Na.-SAhk 
what; weigld of residue would have been obtained if the oxiiie precijltah^ had 
been ignited in air? 

903. A solution of ferric (idoride is prepared by dissolving 10.03 grams of 

pure iron in HCI, oxidizing, and diluting to a, liter. If 50.0 ml. of this solu- 
tion react with 40.0 ml. of a TiCl.i solution, what is the normality of the latter 
as a reducing agent? • ' ' 

904. A sample of titanium ore is treated in such a wuiy that all the iron 
present in the 2-valent condition and all the titanium in the 3-valeiit condition. 
The solution is then titrated with ferric alum solution of which 50.00 ml. 
0.4000 gram of Fe^Og. If the original sample wveighed 0.6000 gram and 
ml of ferric alum solution w’ere used, find the percentage of TiO^ in the 

905. The iron in a solution of a 0.800-gram sample of titanium ore W’as 
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reduced with stannous chloride and then reacted with 26.0 ml. of KMn04 
(1.00 ml 0.800 ml. of potassium tetroxalate solution which is 0.08000 N 
as an acid). The sulfuric acid solution of the same weight of sample was re- 
duced with zinc, and the reduced solution was caught in an acid solution of 
ferric alum wdrich then reacted with 48.0 ml. of the above KMn04. Compute 
the analj^sis on the basis that the original sample contained onty FesO.^, TKOa. 
and SiOo. (Zinc reduces Ti from valence 4 to 3; SnCla does not.) 

906. A silicate rock is showm to contain ferrous iron, aliiraiiiimi, and 
titanium. A sample w^eighing 0.6050 gram is decomposed b^r an oxidizing 
flux, the silica removed, and the precipitate obtained by NhliOH filtered 
off, this precipitate consisting of the liydroxides of ferric iron, alumioum, 
and titanium. The ignited precipitate w^eighs 0,5120 gram. It is fused with 
K2S2O7, and brought into solution, and the solution divided into two equal 
portions. One portion is poured through a Jones reduct or containing amal- 
gamated zinc and the solution caught directly in excess ferric alum solution. 
This solution is then titrated with 0.08333 N KAlnO^, of wdiich 19.56 ml. are 
required. The other portion is reduced with SnCl-i, the excess stannous is 
destroyed, and the solution titrated w^ith 0.08333 N KMiiO,j, of wliich 11.94 ml 
are required. Calculate the percentages of FeO, AI2O;?, and TiOo in the original 
silicate. 

Cerium. Thorium. Zirconium. Uranium. Beryllium. Bismuth, Boron 
(See also Probs. 273, 371.) 

907. From the methods given for the determination of ceriiini in Part VI, 
outline a possible iodimetric method for that element and indicate the correct 
miiliequivalent w^eight to be used. 

908. A solution of uraiiyl nitrate is divided into two equal paits. One 
portion is evaporated to fumes with II 2 SO 4 , diluted, and passed through a 
Jones rediictor. The uranium forms iiranous ions (XJ'*'’^'^+). The solutionis 
titrated wdth 0.1200 N KMn04, requiring 20.50 ml. The uranium in the other 
portion is precipitated with NH.1OH as (NH4)2U207 and the precipitate is 
ignited and w’-eighed (see Part VI). Write equation for the titration and for 
the ignition (NII3 and N2 are among the products in the latter case) and cal- 
culate the weight of residue obtained in the ignition. 


909. An iodimetric method for determining zirconium has becm suggested. 

The element is precipitated with selenious acid (H2SeOs) as ZrOSeO^. The 
precipitate is dissolved, treated with KI {SeO-C -f 41" -^Se -f 212 -f 31120) 
and the liberated iodine subsequently titrated with standard Na2S203. If 
5.00 ml. of 0.0833 N w^ere required for a given w^eight of sample by 

this method, how many grams of residue w’ould be obtained by igniting the 
ZrOSeOs obtained from another sample of the same W'eight (see Pait- VI, 
under Zirconium)? 

910. Anhydrous sodium tetraborate reacts with water according to the 
following equation: 

BiOr + 5 H 2 O 2H2BOr + 2 HsB03 
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The ajihydroiis salt may be dissolved in water and titra1:ed directly by means 
of liydrochloric acid, with, methyl orange as indicator, as represeriterl I:)}’ tlie 
following ec:|iiati,on : . 

HaBtdr + H- HkBOs 

After conversion of the sodium tetraborate to boric acid by careful titratiou 
witli 11 C1, methyl orange indicator being employed, a suitable polyliydric^ 
alcolKsl {in\’erted sugar, glycerin, mannitol, etc.) is added ai:id the first hy- 
ilrug(‘a of the boric acid is titrated by .means of standard sodium hydroxide, 
with plieriolphth,alein indicator. 

The following data were obtained on a sa,.mple of tetra.-bor.‘ite : 

Sample — 0.3000 gram. ■ 

'Volume of li(.d. required, witli methyl orange indicjil:.or = 20.35 .nil 
'Volume of NaOH. required to tit,rate the boric acid, ~ 58.10 iii'i. 

Normality NaOH ~ 0.1030 
40.00 mi. NaOH 36.35 m!. HCl' 

Calculate the percentage of Na.2B.1O7 present in the s.am[)ie - using tl:ie 
ckita,: from tlie acid titra,tion, (b) using the data from tlie ailvali t.itraiiotn 

911. Barium, can be deter.mined volumetrically (after precipitating as 
BaCrO.}.) either by a permanganate, process or by an iodimetric |>,roeess (see 
Pa,rt \T', under Barium). If i,ii the perma..ngana.te process 25.00 nil. of 0. 1000 N 
ferrous amnionitim. sulfate 'were used, and the excess ierrous required 10.50 mb 
of 0.06667 N 'KMiiO^, what w-eiglit of Ba.S04 would be precipitated during tlie 
tit.ration reactions? If the iodimetric method liad been used on the .same 
'\^'ei,gl;]t of sample, how many milliliters of 0.06667 N Na 2 S 203 would have been 
required? 

Ans. 0.1400 gram, 27.00 ml. 

■912. Beryllium can .be deter,mined voh.imetrically by precipitating with 
oxi.iie and titrating with KBrOg as in the case of aluminum (see Pa,rt VI, under 
Aluminum). Write the corresponding equations for the behavior of beryllium 
and calculate the weight of , the ' ignited res.idue (of .BeO) using the same 
numerical data as given in Prob. 902. . ' 

913. If bismuth is determined by precipitating a,s bismuthyl oxalate and 
tit, rating with standard K?kfn04 (see Pa,rt YI, under Bi.smuth), wdiat is llie 
vailuc ca,ch milliliter of 0. 1000 N KiMri04 in terms of grams of .BiaOs? 

914. In the volumetric method for boron, (see '.Part VI), what is the rniilb 
e(|uivalent weight of BlO.-,? Look up the ionisation consta,,nt for boric acid, 
and plot tliC titration curve to show’ its general 'appearance. ■ Show how it 
cniYijiarej- in ap]>earanee with the curve for the titration of HCl iind(‘r dmilar 
ct additions of concentrution. 

/ ' Copper. ' Lead. . Zinc. Cadmium. Brass 

('See also Probs. 248, 201, 264. 274, 279, 332, 336, 337, 339, 34.2, 344, 345, 
317, 349, 350, 352, 355, 356, 357, 358, 359. 360, 522, 640, 681, 697, 704, 711, 
728, 739, 751, 1005, 1006, 1007, 1010, 1017.) 
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915. How many milliliters of HNOs (sp. gr. 1.130, containing 21.77 per cent 
HNOs ^weight) are theoretically required to dissolve 5.00 grams of brass 
containing 0.61 per cent Pb, 24.39 per cent Zn, and 75.00 per cent Cu? Assume 
reduction of the HNOs to NO by each constituent. What fraction of this 
volume of acid is used for oxidation? 

916. \Wiat volume of sulfuric acid (sp. gr. 1.420) is required to displace 
the nitrate radical from the mixture of salts obtained by dissolving 25.00 grams 
of brass (68.29 per cent Cu, 31.50 per cent Zn, 0.21 per cent Pb) in nitric acid 
and evaporating to diyness? 

917. What is the percentage of copper in a steel if with a 5.00~gram sample 
tlie volume of Ii2S gas (measured under standard conditions) required to 
precipitate the copper as CuS is 2.00 ml. more than the volume of 0.100 N 
Ka-aSoOs solution subsequently required for the copper by the iodimetric 
method? 

918. If 0.800 gram of a lead ore yields a precipitate of chromate that 
contains chromium sufficient to yield on treatment with an excess of KI in 
acid solution an amount of iodine to react with 48.0 ml. of 0.1000 N tHosuIfate 
solution, find the percentage of Pb in the ore. 

919. What weight of zinc ore should be taken for analj^sis such that the 
number of milliliters of 0.1000 molar ferrocyanide solution used will equal the 
percentage of Zn in the ore? 

920. If a copper ore on being analyzed yields 0.235 gram of CusS after 
being heated vdth sulfur in a stream of hydrogen, how many grams of KlOg 
would react in the iodate method with the same weight of ore? 

921. If 0.5000 gram of a copper alloy containing 25.00 per cent Cu requires 

20.00 ml. of KCN for titration, what is the equivalent of 1.000 ml. of the KCN 
(a) in terms of Ag (using Kl as indicator) and (5) in terms of Ni? How many 
milliliters of KIO3 solution would' have been required by the iodate method 
if with an excess of KI, 15,00 ml. of the KIG3 would have liberated lo enough to 
react '^dth a volume of 0.1000 N thiosulfate equivalent to 0.1000 gram of 

K^CrA? 

922. A bims weighing 0.800 gi*am contains 75.02 per cent Cu, 23.03 per cent 
Zn, and 1.95 per cent Pb. What volume of 0.1000 N Na2S203 would be used in 
the determination of copper by adding KI and titrating the liberated iodine? 
What volume of 0.05000 N KMn04 would be required for the lead if it is pre- 
cipitated as chromate, dissolved, reduced wdth 25.00 ml. of 0.04000 N FeS04, 
and the excess ferrous ions titrated mth the KMiA? What weight of zinc 
pyrophosphate would be obtained in the determimation of zinc? 

923. In a certain volumetric method for determining copper, the element is 
precipitated as CuCNS and the precipitate is titrated vdth standard KJOs 
according to the net equation: 4CuCNS + TKIOs + i4HCi “-> 4CiiS04 -b 
7ICi -f 4HCN + 7KC1 + SHgO. If the KIO3 is of such concentration that 

1.000 ml will liberate from excess KI in the presence of acid sufficient iodine 
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to react with 1.000 ml. of 0.1000 N ^028203, what is the value of 1.000 ■nil. of 
the KIO3 in terms of grams of Cu in the above method? 

Ans. 0.0006054 gram. 

924. If a solution contains that amount of Cu+'^ requiring 10.0 ml. of a 
Na2S203 solution in the common iodimetric method for copper, how many 
milliliters of KIO3 solution (1.00 ml. 2.00 ml, of the above Na,2S203) W’ould 
be required to reach that point in the titration by the iodate method (see . 
Part VI; under Copper) corresponding to the maximum intensity of color of 
the CHCis indicator? 

Ans, 42.0 ml. 

925. E.ed lead (PbaOd is made by the direct oxidation of metallic* lead. 
Chemically it may be regarded as 2Pb0.Pb02, but owing to uneven heating 
in the maiiiifacturiiig process commercial samples vary somewhat from the 
theoretical composition and are likely to contain excess Pb02. IVlien siicli 
samples are treated with dilute HNOs, the monoxide dissolves, leaving a 
brown residue llaPbO,-}, wliich can be reduced by the addition of a measured 
excess of oxalate ion and the exceas titrated with standa.rd pemiangnnate. 

A sample weighing 0.7000 gram is treated with dilute HNG3 and subse- 
quently with a weighed amount of pure sodium oxalate (5.000 millieqiiivaleiits). 
After complete reaction, the solution is diluted with boiling water, manga.- 
nous sulfate solution added, and the excess oxalate ion titrated with 28.56 ml. 
of 0.09987 N permanganate. Calculate: (a) the total percentage of PbOa 
(free and combined) in the sample; (6) the oxidizing power to percentage of 
PhsO.!; (c) on the assumption that the sample is composed only of 2Pb0.Pb02 
and excess Pb02, the percentage of each. 

(a) 36.70 per cent total Pb02; (6) 105.2 per cent Pb^A; (c) 97.18 
per cent PbsO^, 2.82 per cent free Pb02. 

926. A solution of (NI-T4)2HP04 is made up to be 2.00 X as an ammonium 
salt. Calculate approximately the volume necessary to precipitate the zinc as 
SIoXIElA in a sample of brass (90.0 per cent Cu, 10.0 per cent Zn') weighing 

5.00 grams. 

927. If in the analysis of a brass containing 28.0 per cent Zn an error m 
made in weigliing a 2.5(X)-gram portion by which 0.001 gram i.oo nmcii is 
weighed out, wiiat percentage error in the zinc determination would be 
made? Wiiat volume of a solution of dianimonium plmsphate, containing 

90.0 grams of (Xn4)2HP04 per liter, wouhl he required to predpitafe the zinc 
LH} ZnXH4P04, and what w'eight of jirecipitate woulil be obtained? 

928. In the eleetroly.si.s of a sample of brass weighing O.SOOO gram, there 
are obtained 0.0030 gram of P!:>02, and a deposit of copper exactly ertual in 
weight to the ignited precipitate of Zn2P207 subsequently obtained fruiu the 
solution. What is the percentage composition of the brass? 

Tin. Antimony. Arsenic. Bronze 

(See also Probs. 263, 270, 287, 297, 310, 321, 348, 692, 694, 698, 699, 798, 
70a 719). 
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+ inert matter is dissolved and titrated 
l^ml. KMnOj =c= 0.0500 millimole 
The resulting solution i.s ticitlifipi! 
1 Is requires 30.50 ml. of NasSA 
- C.'ilciilate the weight in grams of 

>5 in the .sample. 

Carbon Dioxide. Silicon. Tungsten. Molybdenum 

316, 704, 790, 797, 798, 804, 805, SOS, 890.) 

■gram^ sample of iron containing 1.15 per cent carbon i.s 

; would be the gain in weight of the ab- 

^00 “1- 0^’ 0-0S33 N Ba(OH) 2 , 
" " " ■■ ““ required to titrate the super- 


in neutral solution with I2 [] 
FeS04.(NH4)..S0,.6Hs0] requi 
and an excess of KI is added 
[1.00 ml. =0= 0.0100 millimole of KH(I03)«], 
combined A.S2O3 + AsjO. ' ' 

Carbon. 

(See also .Probs. 272, 276, 277, 

934. If a 1.30-r 

analyzed by direct combustion, what 
sorption tube? If the r ■*“ 
how many milliliters of 0.100 N HCi would be 
natant liquid? 
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t ^29- A sample of stibnite weighs 0.5000 gram. The percentage of 8h ... 
fouM by titration in neutral solution vdth 0.1000 N iodine was 30.00 per',-, 7 
If the buret reading as recorded was 0.45 ml. too large, what was the trim 
percentage and. 'whst was the percentage error? 

n weighing 1.100 grams is dissolved in con- 

centrated H.2SO4 Concentrated HCI is added to the cooled solution, and “0 
solution is boiled At this point antimony is in the 3-valent .state; tin i. i,, the 
4-valOTt state. The antimony m the cold solution is then titrated rapidh- with 

^ requiring 32.80 ml. More HCI is .jd(iod 

and the solution is boiled with powdered lead which reduces the antimony from 
valence o to valence 3 and the tin from valence 4 to valence 2. The tin is tlier 
quickly titrated in cold acid solution ndth I2 (1 ml. =0= 0.0500 millimole Asd)- ,' 
requiring 9.2/ ml. W hat are the percentages of Sb and Sn in the alloy? 1“' 
.he same weight of a,Uoy had been treated with 6 N HNO3 and tlm residinl 
metastamiie and antimonic acids had been ignited, what weight of prwhict 
would have been obtained? pioaiict 

0.250 gram and containing aRienic is dissolved, and 
the solution containing tne tnvaleiit element is electrolyzed (method of 
lefti). Amine is liberated and is conducted into 50.0 ml. of 0.125 N iodine 

00 ml rooro?" latter reacts with 20.0 ml. of Na2S20a solution; of 
Tv hith 1.00 ml - 0 00600 gram of copper. Find (a) percentage of A.«..0- in 
the sample and (6) the time required for electrolysis if a current of 3.00 amneres 
lb used and only 40.0 per cent of the current is used in reducing the arsenic. 

as containing arsenic weigh.s 5.10 grams. The arsenic is distilled 

s AsCls fiom a strong HCI solution of the alloy and eventually titrated in 
nearly neutral bicarbonate solution with standard iodine (1.00 ml o 1 00 ml 

If file arsenic were evolved as arsine and the arsine 
absorbed in excess 0.100 N iodine (wiiieh o.xidizes the arsenic to arsenate) 






(See also Probs. 296, 654, 656, '666, 678, 775, 1012.) 

9M. From tlie following data' compute tlie, percentage of Cr i'n 
steel. Weigiit of sample = 1,850 : grams. After the chromiui 


, 035. ,A sample of steel, weighing 1.00 gram is burned in oxygen. .'The 
CO2 is caught in a 100-mL pipetful of Ba(OIi)2 solution.. The supernntant 
liquid .requires 96.50 ml. of 0.100 N HCl. If the steel contains 0.57 per cent car- 
bon, what, is the normaIit,y of the barium solution used and how many grams 
of Ba(0Ii)2.8H.20 are contained in each milliliter? 

936. Wliat is the percentage of carbon in a o.OO-gram sample of steel if can 
coinbiistioii the ascarite tube gains 0.1601 gram in weight? Using the same 
weight of sample and passing the gas into Ba(01i)2 solution, what must be 
the normaHty of an HCl solution so that the milliliters required to titra..te the 
BaGOs precipitate will be twenty-fi.ve times the percentage of C? 

937. A 2-gram sample of steel is burned in oxygen, and the evolved Gi,')- 
after passing through appropriate purifying trains is caught in 100 irsl. of 

-'olution The supernatant liquid requires 75,0 ml. of ITCl [1.00 
ml =0= 0.00f)2o giani Na^iCOs; 1.00 ml. =cr 1.12 mi. of the BafOn). s«ilulim)l. 
What is tne pcHcntage of carbon in the steel and wdiat would havf? lioe?i tiH* 
gain of an eremite bulb if a. similar sample had been analyzed by the absorptuHi 
method? 

938. Wlia.t volume of 6.00 N hydrofluoric a,cid is theoretically required to 
volatilize the silica. fro.m 0.5000 gram of KAlSisOs? Wliat volii.me of BiF4 
lit 29®C. and 765 mm. pressure is produced? ■ 

939. A 3.00-gram sample of steel contains 3.00 per cent Fe2Bi. After it has 
bee,n dissol.ved in HNO3 and eva:porated, what weight of Si02 will be obtained? 
What volume of SiF4 under standard conditions will be evolved, by tlie action, 
of HF -f H2SO4 on the SiOa? 

940. A 3.00-gram, sample of steel containing 1.21 per cent Si and 0.23 per cent 
W is dissolved in concentrated HN O3 and evaporated to dryness. What should 
be the weight of the ignited acid-insoluble residue before and after trea1 rnent 
with HF? 

941. A sample of tungsten steel weigliing 5.000 grams is dissolved in jwpia 
.regia, evaporated to dryness, and dehydrated. The acid-insoluble residue 
weighs 0.0928 gram and after treatment with HF weighs 20.00 per cent less. 
Wijiit are the percrentages of Si and of W in the steel? 

942. On the assumption that M024O37 is a mixture of AloOs and AloyOg, 
wind, pcjxxmtage of the total Alo is in the 3-valent state and what percentage 
is in the 6-valent state? 

913. W'fiat vreight of molybdenum steel should be taken so that 1 .60 ml. <4 
O.dtiOO X IvAInr).! will be used for each 0.50 per cent of Mo, on the basis of 
reduction of element to the trivalent condition and reoxidation by fiie per- 
manganate to the oxidation number of 6? 
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946. It is desired to prepare a solution of ohi-omium acetate to cont.in 
8.00 pel cent Ci-oOs by weight for use as a mordant. A batch of tho m. + c'*! 
IS made up to the approximate concentration and is found to haw a sLc^f 
grawty ol 1.195. A 2.000-ml. sample is taken, and the cln-omiuml oti^ 

0 djchromate. To one-half the solution are added 50.00 ml. of ferrous sulfate 
^ ferrous iron requires exactly 17.32 ml. of 0 1 334 

- InOi for o.xidaton (25.00 ml. FeSOj solution «= 21.73 ml. KMnO, solution^ 

on many pounds of water must be evaporated from one ton of the liiiuor 
to give trie desned concentration? 

946. A steel containing 0.90 per center weighs 2.000 grams. The cIu-omin,r. 

^ acidified solution is added an exce« of KI 
The hberated iodine requires 10.00 ml. of thiosulfate solution Wlnt is the 
normahty of the thiosulfate solution? ' * * ® 

947. .4ssuming that vanadium like nitrogen forms five o.xides and that anv 
other oxide is a mixture of two or more of these, compute the oxid<4il nmnber 

could gh“ tlT “use'the T? «°““'^'^«on of oxides 

touid yt-e tins U.se the iollowmg data: 0.08500 gram of lSra.V40, after an 

KAInO*^ r oxidized to the 6-valent condition bv 43.14 ml of 

KMnOi of V Inch 40.00 ml. reacted with 30.00 ml of notassiiim tpti-nv,i + 
solution which was 0.08000 N as an acid. ^ " *®^ro5diIate 

mangLIte?0()0®r ^oS^nt Na C O Ho """ 

to vanadic acid, find the vatie^:^The r1d£!l 

in H.ScfrHl>0°^ ehrom^vanadium steel weighing 2.00 grams is dissolved 
m H,b04 + II3PO4, and HNO3 is added to oxidize the iron .and carbides 
In the pre,sonce ot silver 10ns (catalyst), ammonium persulfate is idded^to 
o.xidize diromic ions to diehromate, vanadyl ions to metavanadate .md rna? 
ganous ions to permanganate. Exce.ss persulfate is destroyed by boilina 

+1 r ^ ^ reduction of vanadate and diehromate 

. inU4 ol Inch 12.6 ml. are required. A small amount of FeSO. is adiip.l to 

KM.O,. of,M.h o.» 1 t^:^r wtoiC 

i a2,i“?v S £ “0 

VO+Hv^lSiS M i® reduced to 

\ U bj sulfur d oxide m dilute sulfuric acid and can be reoxidized bv stamlard 

permanganate solution. Both vanadic acid and molybdic acid are reduced bv 
amalgamated zinc, the former to and the latter to Mo-^. ’ S SoS 
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are carried out in a Jones reductor and the reduced constituents oxidized hx 
being passed into an excess of ferric salt and phosphoric acid. An equivfdeiit 
reduction of the ferric iron to ferrous takes, place. The ferrous iron is then 
titrated with standard permanganate. 


REOtJCTION WITH SOii 

Grams of sample = 0.4500 
Normality of KMn 04 = 0.1092 
ML KM11O4 ' = 8.23 


REBtrCTl'ON WHTH Zh 

Grams of sample - 0.4500 
Normality of KMn 04 = 0.1092 
Mi. KMnOd - 41.74 


0 . Complete and balance all the equations in this process. 

b. Express the amount of vanadate as percentage of Y and the amoiiiifi 
of molybda,te as percentage of .Mo. 

9 il. Calculate the percentage of chromium and of vanadium in a chrome- 
vanadium steel from the following- data: 

Chromium . — A sample weigliing 2.00 grams is dissolved in an acid 
Subsequent treatments convert iron to manganese to chromium 

to CrgOy'"' and vanadium to VO 3 ". A 25-ml. pipetful of standard ferrous sfilu- 
tion [39.2 grams of FeS 04 .(NH 4 ) 2 S 04 . 6 H 20 per liter] is added. Chromium is 
thus reduced to Cr'^+'**, vanadium to The solution is titrated with 

KM 11 O 4 (1.00 ml. 0.92 ml. of the ferrous solution) requiring hL2S ml. to 
give a permanent pink color. Only vanadium and the ext.*ess ferrous iron are 
oxidized in this step. To correct for overtitration and color interferences, the 
solution is boiled until the permanganate color is destroyed, and the soliition 
is brought to the same shade of color as before with the standard perman- 
ganate, requiring 0.08 ml. 

vanadium in the above solution is now reduced to 
with dilute FeS 04 solution and the excess ferrous oxidized with a small aiioount 
of persulfate. The vanadium is then titrated back to VOr with the above 
EMnOi, requiring 1.10 ml It may be assumed that the solution is overtitrated 
to the, same degree as in the &st titration. 

Manganese 

(See also Probs. 266,. 269, 351, 370, 379, 642, 643, 64S, 652,, 653, 655, 604, 
671,682,691,701.) 

952. What weight of pyroiusite containing 75.0 per cent MnOtj will oxidize 
the same amount of oxalic acid j:is 35.0 ml. of a KMnOi solution of which 
LOO ml will Iberate 0.0175 gram of iodine from an excess of potassium 
iodide? 

953. An oxide Mn weighing 0.4580 gram is treated with dilute H 2 SO 4 
and 50.00 ml.,' of.. 0.1000 N, ferrous . ammonium sulfate solution. After the 
reduction of the manganese to the manganous condition is complete, the excess 
of ferrous solution reacts, with 30.00 ml. -of .0.03333 N KAIn 04 . Find the 
symbol of the original oxide of Mn. 

954. Given the following data in the analysis of pyroiusite by the iodimetric 
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Na 2 HP 04 . 12 H 20 per liter) that would be necessary to precipitate the Mil as. 
MnNfliPOi from 0.5000 gram of the sample. 

Weight of sample — 1.000 gram 
Na 2 S 203 solution == 40.40 ml. 

The thiosulfate solution is equivalent in reducing power to a stannous 
chloride solution that contains 29.75 grams of tin per liter. 

955. What volume of bromine water (30.0 grams ■ Br2 per liter) would 
theoretically be required to precipitate the manganese from an acetic acid 
solution of its salt, if the resulting precipitate of Mn 02 gives on ignition 
0.1060 gram, of MiisO.!? How many milliliters of sulfuroiis acid (sp. gr. 
1.028, containing 5.00 per cent SO 2 by weight) would be required to dissolve 
the Mn 02 precipitate, and what weight of Mn2P207 would be obtained fro,m 
the resulting solution? 

956. If the manganese in 50.0 ml. of 0.0833 N KM 11 O 4 solution were reduced 
to the manganous condition, how many milliliters of 0.0833 N KMnOi would 
be equivalent to the Mn in the reduced solution by the (a) Volhard method, 
(6) bismuthate method, and (c) chlorate method? 

957. It has been shown that manganous ions can be titrated potentio- 
metrically with standard KMn 04 in nearly neutral pyrophosphate solution 
according to the equation: 4Mn’‘'+ -p ]Mn 04 " + StH* 4- 15H2P207* > 
5 Mn(Ii 2 P 207 ) 3 “ P 4HoO. What is the value of each milliliter of KMn 04 in 
terms of Mn by this method if each milliliter of the KMn 04 is equivalent to 
0.002040 gram of sodium formate (NaCH02) when titrated according to the 
equation: 3 CHO 2 " P 2 Mn 04 -' -P H 2 O 2 Mn02 P 3 CO 2 4- 50H~? 

A'/ts. 0.004394 gram. 

958. When a constituent is to be determined with extreme accuracy, 
e.g., in a case where the manganese content of a sample of steel may be in 
dispute, it is best to analyz:e for the constituent by two different methods. 
It is also best to standardize the solutions used against a sample of like material 
of known composition rather than in the usual way. This procedure gives a 
direct comparison under identical conditions with a standard. 

The purchaser of a quantity of steel has reserved the right to reject the lot, 
wPich is to be used for a special purpose, if the manganese content is less than 
0.350 per cent. The sample must therefore be prepared and the analysis made 
with extreme accuracy. On the basis of a representative sample, the metbod 
and results of an analysis follow. Calculate to three significant figures (a) tiie 
percentage of manganese in the steel by both methods, (h) the normality of iiie 
permanganate. 

Persulfate Process. — A 0.1000-gram sample of Bureau of Standards steel 
containing 0.660 per cent Mn required 7.03 ml. of arsenite solution. A 
similar-weight sample of the steel under investigation required 4.36 ml. 

Bismuthate Process. — A one-gram sample of the above-mentioned Bureau 
of Standards steel was used. A pipetful of FeS 04 was used, and the excess 
ferrous salt required 16.96 ml. of standard KMn 04 . A one-gram sample- 
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of the steel under investigation, treated the same way, required 19.63 ml 
of the KMn04. One pipetful of FeS04 23.97 ml. of KMnO^. 

959. A carefully prepared steel is to be used as a standard in subsequent 
analyses of other steels for manganese by the persulfate method. To deterinine 
the correct percentage of manganese in the standard steel a sample ’v^eighixig 
1.05 grams is analyzed by the bismuthate method. A 25-nii. pipetful o! ierrous 
aiiimoniiim sulfate is used, and the titration requires 13.2' ml. KMri04 (1 mi. =c:; 
0.002t31 gram Na'iClO.!; 1 ml. =c= 1.02 ml of the ferrous solution). What is the 
percentage of manganese in the steel? 

In the routine analysis of a certain plain carbon steel by the pcrsnifate 
method, the analysis is run in parallel with a corresponding analysis of tho 
nhove standard steel. The same weights of sample are used in tlic two ('uses, 
d'he above standard steel requires 10.4 ml. of arsenite solution: tlu* unknown 
stcc‘1 requires 17.1 ml What is the percentage of manganese in the lat:;,or 
St ecd? If in 1 1 le persulfate method a, one-gram sample was used aii'. 1 the arsenit e 
solution co.utained 1.10 grams of As-aOs per liter, to what average rjxidalian 
number' was tlie manganese reduced in the titration? 

Ans. 0.355 per cent. 0.584 per cent. 3.4. 

Cobalt Nickel 

(See also Prob. 334, 742, 743, 749, 750.) 

900. A sanipie of ore weighing 0.8900 gram yields by eleetimlysis 0.2070 
gram, of Ni and Co, and from the deposited metal a precipitate weighing 
0.9405 gram is obtained with dimethyglyoxime. Find the percentages of Xi 
a,nd Co in the ore. 

901. A nickel ore was analyzed by the volumetric method. Tire nickel 
solution was treated with KI solution and exactly 0.50 ml of AgXOg sohition 
containing 0.0125 gram of AgNOs per milliliter. The solution then ]*erc*tei 
with 48.00 ml. of KCN solution containing 0.0140 gram of KCN per inillilihu’. 
Wliat was the percentage of Ni in the ore if the sample taken weighed 0.900 


962. What weight of dried glyoxime precipitate would be obt.‘dne;i from 
5 . 00 „ grams of steel containing 1.48 per cent Ni? . 

Phosphorus 

(vSee also Probs. 250, 257.) 


963. [Tow many milliliters of magnesia mixture (1.00 N with r 
MgCl-;} arc requiretl to precipitate the phosphorus from 0.2000 grtr 
apatite. Assume the formula of the latter to ' be SCasCPOds.CaC 
many grams of fNH.i)3P04.12AIo03 could theoretically be obtained 
weight of apatite? 

964. Ctaleiiiate the percentage of phosphorus in a steel from the 

..'datat ■ . ' ^ ; 

Two grams of steel furnished a yellow precipitate which, was dit: 


respert to 
m of pure 
'I,? How 
from this 

following 
ssolved in 
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20.0 ml. of 0.500 N sodium hydroxide solution, and the excess of the latter 
reacted with 27.0 ml. of 0.333 N nitric acid. 

Calculate the weight of a sample of steel to be taken for analysis so that 
every 100 nil. of 0.100 N KMn04 used in the titration by the Blair method' 
(see Part VI, under Phosphorus) will represent direct^ the percentage of P. 

Calculate in this process the equivalent w^eight of {a) P, (b) PsOg, (c) Mo 
(d) MoOs, (e) M024O37. 

BS5. A normal yellow precipitate of ammonium phosphomolybdate from 
a sample of bronze weighing 1.00 gram is reduced with zinc. The reduced 
solution requires 21,13 ml. of 0.100 N permanganate to oxidize the molyb- 
denum to the hexavalent condition. If the alloy contains exactly 0.20 per 
cent of phosphorus, to what hypothetical oxide was the molybdenum reduced 
by the zinc? 

966. What weight of steel should be taken for analysis so that the number 
of milliliters of 0.125 N permanganate required in the ferric alum method (see 
Part VI) will be two hundred times the percentage of P in the steel? 

967. A 2.00-gram sample of steel is dissolved in HNO3 and the phosphorus 
is precipitated with molybdate as the normal yellow precipitate, lire molyb- 
denum ill the precipitate is reduced to a form corresponding to the oxide 
M016O27 and requires 10.0 ml. of 0.100 N KMnCX for reoxidation to the 
oxidation number of 6. Calculate the percentage of P in the steel. 

968. A sample is prepared for student analysis by mixing pure apatite 
[3Ca3(P04)2.CaCl2] v^dth an inert material. If 1.000 gram of the sample gives 
0.4013 gram of Mg2p207, how many milliliters of ammonium oxalate solution 
[40.00 grams of (NH4)2C204.H20 per liter] would be required to precipitate 
the calcium from the same weight of sample? 

969. Calculate the percentage of phosphorus in a sample of steel from the 
following data: 2,00 grams of steel furnished a normal yellow precipitate 
which when dissolved and passed through a Jones reductor reacted with 

7.00 ml of 0.0833 N KMnOi. 

970. In the analysis of a sample of steel weighing 1.881 grams, the phos- 
phorus was precipitated with ammonium molybdate and the yellow precipitate 
was dissolved, reduced, and titrated ^dth permanganate. If the .sample 
contained 0.025 per cent P and 6.01 ml. of KMn04 were used, to wdiat oxide 
was the molybdenum reduced? One milliliter of KMnOi w^as equivalent to 
0.007188 gram of sodium oxalate. 

971. The Pineus method for determining phosphate is to titrate it in acetic 
acid solution in the presence of ammonium ions with standard uranyl acetate 
solution according to the equation: P04^ d- U02+-^ -f -> 1X0^1^04. 
The indicator is ferrocyanide which gives a brown color on a spot plate with 
excess U02‘^‘^. If the uranyl acetate solution is 0.100 N as an ordinary a cetate 
salt and 10.0 ml. are used in the titration, how many grams of PaOs are shown 
to be present? 

972. A solution containing phosphoric acid was treated with ammonium 
molybdate, and an abnormal yellow precipitate was obtained, which after 
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drying may be assumed to have consisted of [(NH4)3P04]^(Mo08)^. Tliis 
preeipita,te was dried, weighed, and dissolved in ammonia water, and ti'C 
Boliitioii was made up to 500 ml Of this, 50.0 ml were taken, made acid wit.li 
H2SO4, reduced with amalgamated Zn, and passed directly into an excess 
of ferric alum which served to oxidize the trivaierit molybdenum back to 
the hexavalent condition. To oxidize the iron reduced by the molybdenuin 
required a number of milliliters of 0.125 N KMn04 equal to 15.39 times tfie 
weight in grams of the original yellow precipitate. What values of a: juid y 
may be ta.ken, in the formula of the yellovr precipitate? 

973. A carefully prepared steel is to be used as a standard for 
deteriiiijiatioris. It is analyzed by an accurate (“umpire”) method in which, 
irom a sample wxdghing 3.00 grams, a phosphomolybdate pi'iaipitat<* i-. 
o!>tained. This is dissolved and the pdiospliorus is subsequently precipiiotfc! 
as IMgXH.iPO,!. On ignition this precipitate yields a pyrophospiiati' r(*.'itiue 
weighing 0,0109 gram. 

In the routine arualysis of a plain carbon steel by the alkaliinetric nietlmd, 
the analysis is run in parallel with a corresponding analysis of the al^^jve 
sta.ndard steel. The same weights of sample are used in the two ca.ses, aiu! a, 
25-ml. pipetfiii of standard NaOH is used in each case. Back titralif)u with 
HNOii using piieiiolphthalein indicator recjuires 10.2 mi. of the acid in the auHi 
of the standard steel and 8,6 ml. in the case of the unknowm steel If 1 .00 ml 
NaOH 1.08 ml. HNO3, what is the percentage of phosphorus in the pluin 
carbon steel? If the concentration of the HNO^ were 0.105 N, what weight of 
sample must have been taken in, each case? 

Ans. 0.0868 per cent. 3.0 grams. 

Sulfur. Selenium 

(See also Probs. 243, 244, 247, 251, 252, 265, 294, 373, 600, 696, 712, 714, 
729, 799, 1023.) 

974. A sample of ferrous amrnordum sulfate is prepared for student analysis 
by intimately mixing pure crystals of FeS04.(NH4)2S04.6H20 with an inert 
substance. ITsing a 0.7650-gram sample a student correctly olitains 0.1263 
gram of Fe203. What volume of barium chloride solution containii^g 25.00 
grams of BaCl2.2H20 per liter would be necessary to precipitate the; sulfur 
fr(un the filtrate? What is the percentage of inert material in the sian]>le? 

976. A sample of pure ferric alum, Fe2(S04)a.(.NH.4)2S04.241I./), is diss(dved 
in water and the iron is precipitated with NH4OH. If the ignited precipitate 
weiglis 0.1597 gram, (a) wkat volume of the NH40H (sp. gr. 0.900, contitiiiing 
28.33 per ceiit NH,*} by weight) is theoretically required for the precipitation 

Fe(OH)n, (b) how many milliliters of 0,1000 N BaCb would be required to 
precipitate the sulfate from the iron filtrate, and (c) how many milliliters of 
O.IOOO N NasSsOs would be required in the determination of tins amount of 
sulfate by the iodimetric (Himnan) method? 

STS. If nitrogen is reduced to the 4-valent state, compute the voluiue 
of fuming nitric acid actually required to,' oxidize:. 5.000 grams of pyritic ore 
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containing 70.10 per cent FeS2. Neglect the quantity of acid required for the 
remainder of the ore. Assume the acid to be of 1.500 specific gravity and to 
contain 94.10 per cent HNOs by weight. Also assume complete oxidation of 
sulfide to sulfate. Compute the w^eight of dry sodium peroxide required to 
carry out the same oxidation assuming the oxidation products to be NaFeOg 
aiidNa2S04. 

977. A sample of pure FeS2 is analyzed by fusing a 0.5000-gram sample and 
precipitating the sulfur as BaS04. How large an error in the weight of the 
precipitate must be made to produce an error amounting to 0.10 per cent of 
the apparent amount of S in the mineral? 

978. A soluble sulfate weighing 0.9261 gram is analyzed. The precipitate 
of BaS04 on ignition is found to weigh 1.3724 grams. On further ignition tlie 
weight increases to 1.3903 grams, owing to the fact that the precipitate as 
first weighed had been partly reduced to BaS which on further ignition was 
reoxidized to BaS04. Calculate the true percentage of S in the original sample. 
Calculate the percentage of S present as sulfide and the percentage of S present 
as sulfate in the first ignition product. 

979. In the determination of sulfur by the evolution method, a notebook 
coiitains the following data: 

Weight of sample == 5.0275 grams 
Iodine used = 15.59 ml. 

Na2S203 used = 12.68 ml. 

1.000 ml. iodine =o= 1.086 ml. Na2S203 
1.000 ml. Na2S203 0.005044 gram Cu 

Find the percentage of sulfur. 

980. A steel weighing 5.00 grams is treated wdth HCl, and the evolved H2S 
is eventually titrated with a solution containing 0.0100 mole of KIO3 and 0.4 
mole of KI per liter. What is the normality of the KIO 3 + KI solution as an 
oxidizing agent? If 3.00 ml. are used in the titration, what is the percentage 
of sulfur in the steel? 

981. A sample of steel contains 0.075 per cent sulfur. Using a 5.00-gram 
sample and determining the percentage of S in an analysis by the evolution 
method, calculate the molarity of KIOs to be used so that an error of 0.20 ml 
in the titration will represent an actual error of only 0.001 per cent in the 
reported percentage of sulfur. 

982. A sample of Al2(S04)3.1SH20 which has lost a part of its water of 
crystallization and is therefore specified as Al2(S04)3‘A^H20, is analyzed to 
determine its approximate composition. The calculation in this particular 
instance is based upon a determination of total sulfur as folIow^s: A 0.5000-gram 
sample is dissolved in dilute hydrochloric acid and diluted, and the sulfate ion 
precipitated as BaB04, yielding 0.5602 gram of ignited BaSG4. Calculate to 
three sigmficant figures the value of Z. 

983. It is desired to prepare a standard solution of iodine of such concen- 
tration that each milliliter will be equivalent to 0.010 per cent sulfur w’'hen the 
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latter is deteriniiied on a 5 . 00 -gram, sample by the evolution metliod. The 
iodine solution is to be prepared in the following way. A certain volume of 
0.105 N KMn04 is to be run from a buret into an aqueous solution containing 
an excess of KI, the solution is to be acidified with H2SO4 and diluted to exactly 
1 liter. What volume of the KMn04 should be used? 

Ans, 297 ml. 


984. A carefully prepared steel is to be used as a standard in the evolution 
niethod for sulfur. A sample is dissolved in HNO3 and the sulfur subsequentlv 
precipitated and weighed as BaS 04 . The sample weighs 4.57 grams and the 
BaS 04 weighs 0.0110 gram. 

In the routine analysis of a certain sample of Bessemer steel for sulfur by 
the evolution method the analysis is run in parallel with a corresponding 
analysis of the above standard steel. The same weights (5.00 grams) of sarniile 
are used. The above standard steel requires 3.3 ml. of KIO 3 + KI solution: 
the Bessemer steel requires 8.3 mi. What is the percentage of sulfur in tlie 
Bessemer steel and how many grams of KIO 3 does each liter of the titrating 
solution theoretically contain? 

Ans. 0.083 per cent, 1.12 grams. 

985. What volume (two significant figures) of 15,0 N HNO 3 would be used 
in dissolving the CU 2 S precipitate from a 5.00-gram sample of steel containing 
0.25 per cent Cu, if the precipitate were contaminated with 0 per cent of its 
weight of FeS (assume sulfur completely oxidized to sulfate and the HNOg 
reduced to NO 2 )? 

986. In the anlysis of 0.8000 gram of a substance for sulfur by the barium 
chromate niethod, 25.00 ml. of 0.1110 N sodium thiosulfate solution were used. 
Compute the percentage of sulfur. 

987. The H 2 S in a sample of illuminating gas is determined by passing 10.0 
cubic feet of the gas through an absorbing agent and oxidizing the sulfur to 
sulfate. By the Hinman method, there are used 12.00 ml. of tliiosulfate 
solution having two-thirds the normality as a reducing agent as a certaiii 
potassium tetroxalate solution. 6.00 milliliters of the tetroxalate will reduce 
in acid solution 3.00 ml. of a KMn 04 solution containing 0.00632 gram of 
KMn04 per milliliter. What is the H 2 S content of the gas in parts per t housa n< 1 
(I )y volume)? 

988. Sulfite liquor, used in the manufacture of sulfite paper r>ul}}, consi.sts 
essentially of a solution of Ca(HS 0 . 3 ) 2 , Mg(HS 03 ) 2 , and tLiSOs. Titrat ion with 
alkali converts all of these to normal sulfites (Ae., to SOS'"). Titration with 
iodine converts all sulfites and bisulfites to bisulfates, ‘‘Available SO-’’ i> 
the actual free H 2 SO 2 plus one-half the SO 2 in the bisulfites of calcium and 
magnesium, and is given by the alkali titration (using phenolphthaleinb 
“Combined SO 2 ” is one-half the SO 2 in the bisulfites of calcium and magnesium 
and is given by subtracting the “available from the “total 802 ’ has 
given by the iodine titration). 

A 10-ml. pipetful of sulfite liquor (sp, gr. = 1.028) is introduced into a 
iOO-ml. measuring flask and diluted to the mark. A lO-ml. pipetful oi the 
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diluted solution is titrated with 0.03312 N NaOH, requiring 30.11 ml to change 
the color of phenolphthalein. At this point starch is added, and the solution 
then requires 13.82 ml. of 0.1050 N iodine to give a blue coloration. 

(a) Calculate the percentage of ^‘available 802/' and of ^'combined SO/’, 
(h) Calculate the percentage of “free SO 2 ’’ (f.e., in the form of iinconibitied 
H2SO3). (c) Show by an equation why the pink, color produced at the first 
end point disappears at the beginning of the second titration. 

989, Fuming sulfuric acid is a clear, colorless, oily, fu.ming liquid, a mixture 
of the monohydrate (H 2 SO 4 ) and sulfuric anhydride (SOa) coiitaiiiirig from 
13 to 15 per cent of free SO 3 . Fuming sulfuric acid for special purposes, com- 
mercially called oleum, contains as high as 60 per cent free SOa and jg often 
j3artly or completely crystallized. The analysis depends upon the deterniiiia- 
ton of total acidity in a representative sample, carefully collected and weighed 
under conditions that assure no loss of material The ordinaiy method of 
determining the a,cid strength does not ta.ke into account the effect of SO 2 
wliich is always present in small quantities. When siilfurous acid, IhSOg, is 
titrated with base, methyl orange changes color when one hydrogen has been 
replaced; pbenolphthalein changes color when, both hydrogens have been re- 
placed. 

а. The analysis neglects the presence of SO 2 and a,ssimies the mixture to 
be HoSO.! when 3.926 grams of oleum, dissolved in water, are diluted to exactly 
500 ml A 100-ml portion requires 34.01 ml of 0.5132 N KaOIi for complete 
neutralization, methyl orange being used as indicator. 

Calculate the percentage of H2SO4 and free SO5, expressing the answers 
to the number of significant figures justified by the data and method of 
calculation. 

б. The analysis includes the presence of SO2, and the mixture is calculated 
as H2SO4, SO3, and SO 2 . 

In this case, 3,926 grams of oleum dissolved in water are diluted to exactly 
500 ml A 100-nil portion requires 34.01 mi. of 0.5132 N NaOH for com- 
plete neutralization, methyl orange being used as indicator. Another 100-niL 
portion is titrated directly with 0.1032 N iodine solution, starch being used as 
indicator, and requires 4,93 ml. 

Calculate the analysis in this case. 

990, An oleum contains only H 2 SO 4 ,, SOg, a.nd SO 2 , The H 2 SO 4 and SOs 
are found to be present in equal parts by weight. When a sample of tlie 
oleum is titrated with NaOH, phenolphthalein being used as indicator, tlie 
volume of alkali required is found to be fifty times the volume of iodine of 
the same normality required to titrate the SO 2 in the same weight of sample. 
Calculate the percentage composition of the oleum (see preceding problem). 

991, A sample of fuming sulfuric acid contains only H 2 SO 4 , SO 2 , and SOs. 
A sample weighing 3.2030 grams is dissolved in water and requires 5.00 ml of 
0.2000 N iodine solution to oxidize the SO 2 . Another ‘.sample weighing 4.0301 
grams is titrated with 0.5000 N alkali with phenolphthalein as an indicator 
and requires 172.5 ml What is the percentage composition of the acid, and 
what volume of alkali would have been used with methyl orange as the in- 
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dicator? (KMiiyl orange changes color when one hydrogen of H 2 SO 3 has been ' 

replaced; phenolphthalein., changes color when both hydrogens iaavra been i 

replaced.) 

992. To 5.00 ml. of a solution of a mixture of Na 2 S and NaliS (sp. gr, 1.032) 1 

is added a standard solution of HCL The liberated H 2 S is determined by ■ ’ 

adding excess iodine solution and titrating back with thiosulfate, , and the 
resulting acidity is determined with. NaOH. From the following data, ca.].culate 
the percentage of Na^S and the percentage of NaHS in the sample: 

1.000 ml. H:C1 = 0 = 0.006005 gram CaCOs ^ 

12.0 ml NaOH - 10.0 ml. HCi ^ 

1.000 ml. I 2 0.00601 gram Sb 

10.0 ml. Na^SaOs =c>: 12.0 ml. I 2 

HCI used ™ 10.8 ml. s j 

NaOH used = 15.0 ml. ^ ' | 

I 2 used = 28.0 mi. , ^ i 

NaoSgOs used = 15.0 ml. | 


993. .A solution tha-t may co.ntai,n Na 2 S, NaHS, H^S or mixtures of tliese is 
acidified and requires 20.00 ml. of 0.1000 N iodine solution for titration. The 
gain in acidity caused by tlie titration is equivalent to 10.00 ml. of KaOH’ 
(1.000 ml. 0.006303 gram H 2 C 2 O 4 . 2 H 2 O). What does the solution contain? 
If 20.00 ml. of iodine had been required and the gain in acidity had been repre- 
sented by 17.00 ml. of NaOH, 'what would the solution have contained? 

994. A solution of a mixture of H 2 S and NaHS is acidified with a ml. of 
N/10 IlCl, and the totarH 2 S then present is determined by adding h ml. of 
N/10 I 2 and titrating back with c mi. of N/10 NaiSoOs. The acidity at 
the end of the titration is measured by d ml. of N/10 NaOH. Show that the 
niunber of grams of H 2 S present in the original solution is given by the formula 

[c + 2d (6 + 2a)]0.001704 

996. The Norris and Fay method for determining selenium is to titrate 
with standard NaAOs according to .the equation: H 2 Se 03 '-|- 4 NaaS 208 + 
4HC4 Na 2 S 4 SeOe + Na 2 S 406 + 4NaCl + Bim 

The Jamieson method for determining' arsenic is to titrate with standard 
KlOa according to the equation:'.2AsCl3 4 -TH 03 4 * 5 H 20 -~> 2 H 3 As 04 + 
KCi + ICl + 4HCI . _ ■ 

If the above KlOg is of such concentration that 3,00 ml. -will liberate from 
excess KI in the presence of acid that amount of I 2 which reacts with 3.00 ml 
of the above Na2S203, and 3.00 ml. of the Na 28203 will reapt with- 3,00 ml, of 
0.100 N I 2 , (a) what is the value of 1.00 ml. of the KlOa in terms of grams of As 
arid (5) w4at is the value of 1.00. ml. of the Na2S203 in. -terms of grams. of Se? 

General and Miscellaneous- Analyses 
99G. A sample of pyrolusite analyzes as follows: MnOs “ 76.00 per cent; 
CaO == 5.60 per cent; AlgO == 4.00 per cent; Si02 ~ 15.40 per cent. A oiie- 
gram sample is dissolved in HCI (M 11 O 2 + 4HC1 MnCig + Clg 4- 21120)^ 
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and tke silica is removed in the regular way. The solution is neutralized and 
the manganese is precipitated with NHjOH + bromine water: MnCh -f 
Brs + 4NH4QH MnOg + 2NH4CI + 2NH4Br + 2H2O. From the filtrate 
the calcium is precipitated as oxalate, and the precipitate is dissolved and 
titrated with KMn04. The magnesium is precipitated with ammonium phos- 
phate ill the regular way, and the precipitate is ignited and weighed. Calculate 
to 3 significant figures: (a) the number of milliliters of 3.00 N NH 4 OH and 
(6) the number of milliliters of 3.00 per cent Br^ solution (sp. gr. 1.10) to pre- 
cipitate the manganese according to the above ec[uatioii, (c) the total number 
of milliliters of 1.00 N Na2C204 solution to form Mg(C204)2"° and precipitate 
all the calcium, (d) the number of milliliters of 0.100 molar KMn04 to titrate 
the precipitated calcium, (e) the weight of the ignited magnesium precipitate, 
(/) the percentage of Mn in the material obtained by strong!}" igniting a sample 
of the original pyroliisite in air, assuming conversion of MnOs to MojA and 
no other changes. 

xhis. (a) 11.5 ml., (h) 41.8 ml., (c) 5.97 ml, (d) 4.00 ml., (e) 0.111 gram, 
(/) 52.2 per cent. 

997. A certain mineral has the following composition: CaO = 28.03 per 
cent; MgO - 10.05 per cent; FeO = 7.12 per cent; CO2 = 44.77 per cent; 
Si02 ~ 10.03 per cent. A one-gram sample is dissolved in HCI and the silica 
removed in the regular way. Bromine is used to oxidize the iron. Calculate 
to 3 significant figures: (a) number of milliliters of 6.00 N HF theoretically 
required to volatilize the silica in the presence of concentrated Ii2S04, (5) num- 
ber of milliliters of NH4OH (sp. gr. 0.960, containing 9.91 per cent NH3 by 
weight) theoretically required just to precipitate all the iron as Fe(OH)<5 
after exact neutralization of the acid, (c) number of milliliters of KMn04 
(1 ml. =0= 0.00800 gram Fe20s) to titrate the oxalate in the regular calcium 
precipitate, (d) weight of ignited magnesium precipitate obtained in the usual 
w^ay from the calcium filtrate. 

998. A certain mineral has the following composition: 

FeO = 14.41 per cent 
MnO — 7.12 per cent 
GaO = 28.00 per cent 
MgO = 3.89 per cent 
Si02 — 2.98 per cent 
CO2 = 43.60 per cent 


A one-gram sample is decomposed without oxidizing the iron and put through 
a regular systematic analysis. Calculate to 3 significant figures: (a) number of 
milliliters of 6,00 N HF theoretically required to volatilize the sili<*a, (6) total 
number of milliliters of bromine wmter (sp. gr. 1.100, containing 3,00 per cent 
Br2 by weight) and (c) total number of milliliters of 3,00 N NH4OH to pre- 
cipitate the iron and manganese together according to the equations: 2Fe"^"^ + 
Br. H- 6XH4OH 2 Fe(OH)3 4- 2Br-’ + 6NH4+; Mn-+ -f Br. + 4NH4OH - 
MnQ2 + 2Br” + 4NH4’^ •+• 2H2O, (d) weight of this precipitate after ignition, 
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,(e) total number of milliliters of 0.100 N H2C2O4 solution to form the soluble 
complex Mg(C204)2“ and completely precipitate the calcium, (/) weight of the 
material obtained by precipitating the magnesium with (NH4)2HP04 in the 
regular way and igniting the precipitate, (g) number of milliliters of KMii()4 
required to titrate the iron in a one-gram sample of the original mineral aftm* 
(lecomposition without oxidation. Each milliliter of the KMn04 is equivalent 
to 0.006802 gram of NaCH02 in the following titration: SCHOo" + 2iMn04““ d* 
2Mn02 + 3CO2 + 50H- 

Ans. (a) 0.333 ml, (5) 9.70 rnL, (c) 3.33 ml, (d) 0.236 gram, (e) 140 ml., 
(/) 0.113 gram, ((/) 6.00 ml. 

999. A sample of limestone rock wms analyzed, and the percentages of t he 
constituents, expressed as Si02, Fe203, AI2O3, CaO, MgO, CO2, and 1120, \v(u-e 
obtained as follows: 

— A sample weighing 2.500 grams was dissolved in HCl, evapoi'ateal 
to dryness, and dried at 110°C. The ignited insoluble residue weighed 0.6650 
gram, and all but 0.0015 gram was volatilized bj" HF. Tins small residue was 
fused, dissolved, and added to the main filtrate. 

FC2OS + AhO-i . — The filtrate from the SiOo determination gave a precipitate 
with ammonia weighing 0.2181 gram after ignition. 

CaO. — One-fifth of the filtrate from the above-mentioned determination 
gave a precipitate of calcium oxalate that required 38.40 ml. of 0.1225 X 
K]\Iii 04 for oxidation. 

MgO. — From the filtrate of the Ca determination was obtained 0.1133 
gram of Mg2P207. 

FC2O3. — A sample weighing 2.000 grams required 12.24 ml. of the above- 
mentioned KMn04 to oxidize all the iron after reduction. 

CO2 + H 2 O . — A sample weighing 0.5134 gram after strong ignition weiglied 
0.3557 gram. 

CO2. — The same w’'eight of sample on treatment with acid caused an ascarite 
bulb to gain 0.1541 gram in weight. 

What W’as the complete anabasis as reported? 

•1000. A mineral analyzes as follows: 

CaO = 23.9 per cent 
MgO == 3,1 per cent 
Fe203 = 40.0 per cent 
CO2 — 33.0 per cent 

A one-gram sample is dissolved in HCl, evaporated to diymess, and takei! 
up in just 10.0 ml. HCi (sp. gr. 1.10, containing 20,0 per cent HCl by weight), 
('alculate: (a) Total milliliters NH4OH (sp. gr. 0.97, containing 7.0 per cent 
XHs by weight) to neutralize the acid and just precipitate all of the iron. 
ib) Volume of KMn04 (having the same normality as a solution of thiosulfate 
of which 20.00 ml. will titrate the iodine liberated from excess KI by 0.1113 
gram of KBrOs) to titrate the iron in the resulting precipitate after the iron 
lias been dissolved in H2SO4 and reduced wdth zinc, (c) Volume of KMnOi to 
titrate the calcium precipitate in the filtrate from the iron (1.00 ml. of tliis 
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KMn04 ^ 1.00 ml . KHC2O4.H2G2O4.2H2O <^1.00 ml ,NaOH 1.00 ml 
HCl 0.0106 gram Na2C03). (d) Weight of ignited Mg precipitate obtain- 
,able from 'the Ca filtrate, (e) Percentage of Fe in the material obtained by 
completely igniting a- large sample of the above' material. (/) Empirical 
formula of the original mineral. 

iOOl. Ankerite is essentially a calcium-niagnesiuiii-ferrous carbonate occur- 
ring in nature as a vein mineral A chemical analysis of a specimen of this 
mineral gave the following data: 

a. Moisture. — A well-mixed sample w^as chied at 105®C. to constant weight. 

Weight of sample = 10.000 grams 
Weight after drying — 9.988 grams 

b. Silica. — A sample was dissolved in HCl, evaporated to dryness, lieated 
at 105 for one hour, and dissolved in HCl, and , the residue filtered, ignited, 
weighed, treated with HF, and reweighed. The small residue was fused with 
Na2,COs acidified and was added to the main solution. 

Weight of sample = 5.000 grams 
Weight of residue ~ 0.0417 gram 
Weight of residue after HF = 0.0117 gram 

c. d. Iron and Alumina. — One-fifth of the filtrate from the silica deteniuiia- 
tion was treated with bronline and made arnmoniacal, and the precipitate 
of ferric and aluminum hydroxides ignited and weighed. The ignited oxides 
were then fused wdth NasCOs and dissolved in acid, and the iron reduced with 
Zn and titrated with KMn04. Weight of oxides = 0.2S45 gram; volume of 
0.1990 N KMn04 used = 17.33 ml 

e. The filtrate from the combined oxides was treated with ammonium 
oxalate and the precipitated calcium filtered, dissolved in H2SO4, and titrated 
with the above-mentioned KMn04. Volume rec[uired = 47.50 ml. 

/. The filtrate from the calcium was treated with phosphate and the 
magnesium precipitate ignited. Weight ignited precipitate == 0.1430 gram. 

(j. A 0.1000-gram sample of the original minci*al was treated with HCl 
and the evolved CO2 purified and caught in a special apparatus and measured 
over water previously saturated with CO2. 

Volume of CO2 == 23.78 ml 
Temperature = 20 °C. 

Barometric pressure = 747 mm. 

Vapor pressure of H2O at 20 ®C. = 17 nun. 

Calculate percentage of: (1) H2O, (2) Si02, (3) FeO, (4.) AbOg, (5) CaO, 
(6) MgO, (7) CO2. 

h. Neglecting the small percentages of H2O, SiO^, and AbOj, calculate an 
empirical formula for the mineral 

i. IIow many milliliters of NH4OH (sp. gr. 0.96, containing 10,0 per cent 
KHs by weight) w’ould be required in step c above to precipitate the non 
and alumina after neutralization of the acid and boiling out of the excess 
bromine? 
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j. If a sample of tEe mineral were ignited in the absence of air' so that all 
theli20 and CO2 were lost, what would be the percentage of Fe in the resulting 
material? 

1002. A sample of manganese' ore was submitted for analysis with the 
following instructions: 

Determine total silica, total manganese, total phosphorus, total iron, and 
oxidizing power. Previous experience with similar samples of this ore has 
Indicated that the manganese may be present in twm forms, Mn02 and Mn304, 
the phosphorus as phosphate, the iron as ferric, iron, that no manganese is 
combined as silicate, and that the oxidizing powrer is due to Mn02 as such or 
ill the form of Mn304(Mn02.2Mn0). Calculate: (a) total silica expressed as 
percentage of Si02, (h) total iron as percentage of FeoOa, (c) total phosphorus 
as percentage of P2O6, (d) percentage of Mn02 existing as such in the ore, 
(c) percentage of Mn804 existing as such in the ore. 

SiUca.’—Fou.v samples w^eighing 2.000 grams each w^ere fused with K'a2COs. 
Tw^o fusions were dissolved in HNO3 + II2O and two in HCl. The solutions 
were evaporated and the residues dehydrated. The first twm w^erc taken up 
in HNO3 and the last two in HCL Silica w^as determined in ea.eh case in the 
usual w-ay, yielding 0.6260, 0.6274, 0.6268, 0.6268 gram, respectively. 

Total Manga-nese . — The filtrate from the nitric acid silica determination 
w'as diluted to 1,000 ml. and 50-mi. portions used for manganese by the 
bismuthate method. In each case a 50-ml. pipetful of FeS04 (=c= 45.60 ml. 
0.1086 KMn04) wms used, and the volumes of 0.1086 N KMn04 required in 
three determinations were 9.77, 9.75, and 9.79. 

Total Phosphorus . — Two 100-mi. portions of the same solution were used 
for the alkalimetric method. In each case a 25-ml. pipetful {<^ 29.30 ml. of 
0.09249 N HNOfi) of NaOH was added, and the titrations recpiired 25.00 and 
25.04 ml. of 0.09249 N HNO3. 

Total Iron . — The iron in the filtrate from the hydrochloric acid silica 
determination was reduced and subsequently required 2.00 ml. of 0.1086 N 
KMn04 for reoxidation. 

Total Oxidizing Potycr.~~TMs was determined by reduction of duplicate 
half-gram samples of the ore with 0.7000 gram of sodium oxalate in the 
presence of H2SO4. The excess oxalate required 27.00 and 27.0G ml of 0.1086 

■EM11O4. , 

1003. A sample of moist lime sludge, a by-product from the manufacture 
of acetylene gas [CaC2 + 2H2O Ca(OH)2 -f C2H2] was submitted for 
analysis, and the following results were obtained: 

Acid-insohihle Residue.— A 2.000-gram sample treated with HCl left a 
residue w'eighing 0.0274 gram. 

Combined Oxides (Fe203 + AI2O3).— Treatment of the above-mentioned 
HCl ‘solution with NH4OH + NH4CI gave, a precipitate that ignited to 
0,0051 gram. 

Total Calcium . — This was precipitated as oxalate from the above-men- 
tioned filtrate. The oxalate in the precipitate required 58.60 ml. of 0.4960 


N KMn04. 
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Total Magnesmm,’-~TlLd3 was precipita,ted from the Ga, filtrate ' as 
MgNH4P04, yielding only a trace. 

Total Iron . — A 4,000-gram sample of the original material was dissolved 
ill HCl, reduced with Zn, and titrated with 0.1067 N K]\'Iii. 04 , the titration 
requiring 0.91 ml. 

Carbon Dioxide . — A 10.00-gram sample of the original material, treated 
with HCl, evolved an amount of CO2 to cause an ascarite absorption tube 
to gain 0.1031 gram in weight. 

Total Ignited Solids . — A 3.000-gi’am sample of the original material^ when 
dried and ignited, yielded a residue weighing 1.2704 grams. 

Total Alkalinity of Ignited Solids . — The above-mentioned residue wm 
dissolved in 100.0 ml of 0.5927 N HCl and diluted to 500 ml. and a 250-ml 
portion titrated with 13.73 ml. of 0.5724 N NaOH. (Tliis deteriniiiation and 
that of total solids were made as a check and should be so used in the calcula- 
tion to prove the accuracy of the analysis.) (a) Calculate analysis of the moist 
lime sludge in terms of percentages of: residue, Fe203, AloOs, calcium as 
Ca(OH)2 and as CaCOs, and H2O (by difference), (h) Calculate analysis of 
the ignited residue. 

1004. The analysis of a sample of coal ashes produced hy the combustion 
of a soft coal in a powder station of a public-utility company was carried on by 
the following procedure with results of duplicate determinations as indicated. 
The analysis is similar to that of any uiidecomposable silicate. 

Loss on Ignition . — The loss w^as taken at 800 to 900°C., representing a|> 
proximately the unburned fuel Each sample weighed 20.000 grams. 

Loss: 3.0951, 3.0960 grams. 

Subsequent determinations w^ere made on portions of the ignited material. 

Silica. -Om-gmrn samples were fused with sodium carbonate, the entire 
fusion dissolved in hydrochloric acid, and the silica determined by the usual 
D:\ethod of dehydration. No correction was made vith hydrofluoric acid, as 
the sample wlib not considered to be representative enough to warrant such a 
procedure. 

Weight of ignited SiO^: 0.5284, 0.5302 gram. 

Combined Oxides.— The filtrate from the silica determination was used for 
the precipit,ation of combined oxides, assumed to be entirely ferric oxide and 
alumina.. 

Weight of ignited oxides; 0.3927, 0.3920 gram. 

Calcium- Oxide.— The filtrate from the precipitation of the combined 
hydroxides wns used for the precipitation of calcium as ealciiini oxalate, fol- 
lowed by the volumetric determination of the equivalent oxalate with 0.1020 
N,KMn04. 

Volume of KMn04: 18.10, 18.05 ml. 

Magneshmi Oxide.— The filtrate from the precipitation of calcium oxalate 
W’as used to determine magnesia as MgNH4P04.6H20, ignited to 'Mg2P207. 
Weight of Mg2P207: 0.0257, 0.0256 gram. 

Total Iron. Two-gram samples were fused with sodium carbonate and 
dissolved in HCl, the silica was removed and the total iron deterrnmed 
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0.1020 N KM 11 O 4 , after reduetion with staiiiio'05 

chloride. 

;Volume of KMn, 04 : 13.21, 13.21 mi. 

'.Total StdTur.~-Two-grmi samples were fused with sodium carboisate 
and dissolved in HCl, and silica and combined oxides were removed and the 
sulfate cont-ent was detei*mined by precipitation as BaS 04 . ' 

Weight of BaS 04 : 0.0020, 0.0025 gram. 

Calculate: loss on ignition, Si 02 ,.Fe 203 , Ai-A, CaO, MgO, SO 3 ow ike 
origmal sample. Report alkalies by difference. 

1005. The qualitative analysis of an alloy indicates the presence of small 
tin, large copper, fsinall lead, small iron, small phosphorus, and large zinc. 
The quantitative d,ata follow: 

Tin, — The saiiiple weighing 5.000 grams is treated with IINO 3 , evaporated 
to dryness, treated with HNO 3 , and filtered. The residue, ignited to iSiit )2 
y,iid containing all of the phosphorusi as P'A, weighs 0.0517 gram. 

Copppr and Lead. — The filtrate from the above is diluted to 500 ml., md 
u 50-m]. portion is electrolyzed. Cathode gains 0.2940 gram; ano»l(.* gjdus 
O.OOS'l gram. 

Iron. -“The residual solution from the electrolysis is treated with XHiOIl, 
the precipitated ) « is redissoived, and the ii’on is reduced and titratfai 

with 0.46 ml. of 0.1007 ,N KMiA. 

Xmc.— By difference. 

Phosphorus. — A new sample weigliing 2,000 grams is dissolved and ilie 
phosphorus eventually pi’ecipitated as MgNH 4 P 04 . The ignited precipitate 
weighs 0.0131 gram. 

Calculate tlie percentage composition of the alloy. 

1006. Ghv:\ a sample <jf an alloy for the determination of tin, antimony, 
cu})j)er, c.nd Itadi. V deulate the percentages of these four elements from the 
follow mg slaia 

Imhnuuunwn of Sb {Vokmielric KMriDi nieihod).--^ixmp\^ = 1.000 gram. 
Volume ,ot 0.1078 N IvVIiA required = 17.70 ml, 

^ ' BeUrmmaijmi of S'h T Sn .■ (Residiie front HNOz treMMeni), --Btxmph = 
1.000 gram. Weight of ignited residue = 1.1478 grams. 

Deter mi ttaiiott of Cu and Fb (Electrolysis Sample = LOOO gram. 

Increase in weight of cathode = 0.042S gram. Increase in weight of tmode “■ 
0.0583 gram. 

1007. The .enaiysis of a sample of bronze of iiidefimte composition, but 
supposedly of a common commercial type, was carried out quantitatively 
wiHiout a preliminary qiia.litative anatysis, as follows: 

Ddermiaaiiott of Tin. — A one-gi’am sample of the alloy gave a while 
residue in HXO;;, indicating the presence of tin. This filtered residue was 
ignited and was i'urmd to weigh 0.0615 gram. 

Determination of Copper and icad.—The filtrate from the determiicition 
of tin wiiH electrolyzed by the usual procedure. Gain in weight of cathode = 
0.8514; gain in weight of anode := 0.0512 gram. 

The fact that during the electrolysis, mo . purple o-olor developed at the 
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anode, ^ indicated the absence of manganese. The solution after eh 
was slightly bluish, but continued electrolysis with clean electrodes 
lurther deposition of metal. 

Dct&ininaUon of Iron 
were combined and the imn oxidized 
fche characteristic ferric hydroxide, 

O.OOJ 1 gram. The filtrate w 

Lftenmnatio'ii of Nickel, — The regular dimethylglyoxime 
the iron filtrate w^eighed 0.0205 gram. 

Determination of^ Zmc.-~The addition of ammonium sulfide to the nickel 
nitrate gave a white precipitate, showing the presence of zinc. This was 
redissolved and the zinc precipitated and weigiied on a Gooch crucible 
i^n]\H4P04. Weight = 0.1385 gram. 

Cjilculate and report the complete analysis. The sum of the percentages 
should serve as a check on the accuracy and completeness of the a,iialysis 

1008. A steel gave the foliowdng analytical data. Calculate the analysis. 

Carbon (Direct combustion 7nethod), — ^Samples = 1.000 erani Oil «k 
sorbed - 0.0100 gram. 

Mq nganese (Persulfate'-arsei 
tion = 5.00 mi. The sodium 


electrolysis 
gave no 

“The solution and washings from the electrolysis 
with bromine. Ammonia precipitated 
which gave an ignited product weighing 
^as deep blue, showing the presence of nickel. 

piecipitate from 


gram. Titra^ 
3.tion was pre- 
e Na^CJOs and 
anganese to an average 

Phosphorus {AlkaUmetric 7nethod),— Samples = 2.000 grams. NaOH 
added = 25.00 ml. HNO3 used * 26.91 mi. In the standardization of the 
solutions, 30.51 ml. of NaOH neutralized 0.8000 gram of KHC^H40^ and 
25.00 ml. of the NaOH were equivalent to 33.19 ml of the IiNO«. 

Sulfur (^Evolution method). — Samples = o.OO grams. Volume of KIO 
^solution required - 3.05 ml. The KIO., solution was prepared by dissolving 
1.200 grams of KIO, and 12 grams of KI in water and diluting to exact !v 
one liter. • ' ^ 

^ Silicon {Sulfuric acid dehydration) .-—Samples — 1.000 gram. Weight of 
s?iiica obtained = 0.0009 gram. 

Chromium (Persulfate method), —Samples = 2.000 grams. Ferrous sulfate 
solution added = 25.00 ml. Titration required 17.75 ml. of K]Mn04. In the 
standardization, 40.65 ml. of the KMn04 oxidized 0.2500 gram of Na2C204, and 
25.00 ml. of the ferrous solution were equivalent to 18.31 ml of the Ki\fn04. 

1009. A sample of clirome-vanadium steel was analyzed, and the following 
mean values were obtained: 

Carbon (Direct combustion ?nethod), Sample = j.OOO gram. CO2 ab- 
sorbed = 0.0176 gram. 

Manganese (Persulfate-arsenite method) .Sample =■• 1.000 gram. Titra- 
tion required 3.85 ml. of arsenite. A standard steel weighing 0.100 gram and 
containing 0.66 per cent of manganese required 6.S5 mi. of the same arsenite. 

Phosphorus (AlkaUmetric method). — Sample = 2.000 grams. NaOH 
added = 1 pipetful. Back titration required 31.4 mi. of HNO, of which 


r 
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33.70 ml were equivalent to one pipetful of the above NaOH. Normality of 
the .HN'Os = 0.09493. 

S'lilfur {Evolution method) .—Bo^mph = 5.00 grams. Titration required 
1.25 ml. of a standard solution of KIOs + KI of which 5.70 ml. were equivalent 
to the sulfur in 5.00 grams of Bureau of Standards steel containing 0.065 per 
cent sulfur. 

Silicon,~-~B&mple = 1.000 gram. Weight of Si02 after dehydration with 
H2SO4 and ignition = 0.0334 gram. 

Chromium {Persulfate method) .-—Bmiph == 2.000 grams. FeS04 added = 
r pipetful Back titration requhed 3.30 ml. of 0.1070 N KMn04 of which 
17.80 ml. were equivalent to one pipetful of the ferrous sulfate. 

Vanadium (Cr-F persulfate method).— Bamph = 2.000 grams. Volimie of 
above KMiiO.! required = 1.30 nil 

Calculate the percentage composition of the steel, and write equations 
for all fundamental reactions involved in the analysis, assuming the constit- 
uents to be Fe, Fe^C, MnS, Mn, Mn2Si308, F.,?, Fe^Si, Cr, and V. 

1010. Two small duplicate samples of galvanized sheet were submitted 
for analysis with the statement that the product was mariufacture<l by 
galvanizing copper-bearing steel by the usual process. The speciiications 
called for the determination of the amount of zinc galvanizing calrulatoi! 
as ounces of metallic zinc per square foot of total surface, not including zinc 
on the edge of the sheet. They also called for the complete analysis of the 
steel that had been galvanized. 

The small pieces submitted w^ere duplicate samples from the same sheet. 
An examination of the edges indicated .that the samples had been cut from 
a larger sheet and therefore contained no zinc except on the two flat surfaces. 
In the analysis, the coating of zinc wras removed by dipping the sheets in 
NaOH, and the zinc determined in the solution. The residual sheets of steel 
were combined as one sample and milled. Average values obtained in the 
analysis are given below. Calculate the results of the complete analysis 
according to specifications. 

Original Sheet 

Sample 1 measuring 2^-^ by 2^4 & inches and w-eighing 45.4409 grams. 

Sample 2 measuring by 2;^ inches and weighing 46.9708 grams. 

'' Analysis OF Zinc 

The caustic solutions were made acid, interfering constituents removed, 
and J20 aliquot portions taken. The zinc was determined in tlmse aliquot 
portions by precipitation as ZnNH4p04 and weighing .as' such. . Average 
weight of ZnNH4P04 in Sample 1 = 0.6393 gramj in Sample 2 ~ 0.6531 gram. , 

Analysis op Steel 

Ma?iganese (Bismuthate method). — Sample = 1.000 gram. A 20.00-mL 
pipetful of FeS04 was added, and the titration required 4,SI ml. of 0.1062 
N IlxMn04 (20.0 ml FeS04 - 7,10 ml KMnO^). 
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Phosphorus {Alkalimetric meihod). —Sample = 2.000 pram® 
0.4617 N NaOH added = 5.00 ml. ^ 

litration with 0.1592 N HNOg required 11.92 ml. 

Silicm.—A sample weigliing 3.0 grams yielded 0.0008 gram 
dehydration with HgSO^. ® 

Sidfur ^Evolution »ne<Aod).— Sample = 2.000 grams. A pioetful 
was everitu.ally added to a solution of the evolved H.,S and 'the e 
itrated with 16.31 ml. of 0.1001 N NagSgO. A pipetful of the h 
found to be equivalent to 18.08 ml. of the thiosulfate. 

CurSon.— Combustion of a one-gram sample of the steel fonri 
gram of CO 2 . ..... 

Copper -Precipjteted as CuS, redissolved, and determined iodin 
V o iinie ol above tiiiosulfate for 10.0-grarn sample = 1.01 ml. 

1011. A sample of meat scrap is submitted for analysis. The 
consists principally of a mixture of beef and bone that lias been pro( 
heaving, and the sample has been ground in a Wiley mill to a fairly 
sistemp Material of this type is used conimercially as an import- 
lood, dog biscuit, and similar products. 

Ihe scrap from which the sample was taken was sold under the j 
specirications: 

I rotein: not less than 45 per cent 

Ash: not greater than 35 per cent 

Bone phosphate: within the limits of 25 to S3 per cent 

Grease: not greater than 10 per cent 

Free fatty acid: not greater than 10 per cent of the grease 

Moisture: not greater than 9 per cent 

Crude fiber: not greater than 2 per cent 

The following numerical data represent the averages of duplicate det 
tions 111 each case. Calculate the analysis of the material as indicated 
it conlorm to specifications? 

ProteAn.—X 2 OOlFgram sample was analyzed by the Kjeldahl 
(.^te 1 art VI under Nitrogen). The evolved NHg was caught in a 5 i 
solution of bone acid and titrated with standard HCI, requiring 

ri NHg liberated from pure (N 

[1.000 ml. <. 0.0.3490 gram (NH^)^]. Arbitrary factor for cln 

i)ci centage of nitrogen to percentage of protein = 6.25 

•It Srarns was (Wed to constant 

at lUo Height of dried material = 4.638 grams. 

A,s/?,,.^rhe matem^ moisture deteriiiination was ignited 

red heat. Weight of residue = 1.611 grams. 

-This means phosphate expressed as Ca . (P 04 % 1 

obtained above was dissolved in HNOg, the solution evarioriited dn- . 
ie,.idue token up in dilute HNOg. The solution was filtemi and a if, 
portion was treated with (NH.),Mo 04 . The veilow piio.sphomol 
precipitate was filtered and dissolved in NH 4 OH. and the nho 
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precipitated as MgjSfH^PO., and ignited. Weight of MgsPjO? = 0.02,50 
gram. 

Grease.— A 3.000-gram .sample of the original material was dried and ex- 
tracted u-ith anhydrous ether for 8 hoiu-i3. The ether extract was evaporated. 

Weight of residue = 0.2700 gram. ' * 


Crude F^ber. —The grease-free material was digested with, dilute IIsSCli and 
tlien, with dilute NaOH asaan’dirig to exact specifications of procedure, llie 
residue was filtered off on an ahindum crucible and dried at J05^C. Weigiit 
of residue (= fiber + inorganic, material) plus crucible = li.S360 grams. 
The crucible plus icsidue was the?), ignited at chill red heat. Weight of msidiio 
(iiio?,’gauic nmterial) plus cru(*il>le = 11.8016 grams. 


Free Fatty Arid— The grease from the above ether ext.ractioii was. heated 
with alcolioi and iitrafed with standard, NaO,H, using ph(Uiol])ijt fialeiii indi- 
cator. Volume of 0.G5050 X XaOH reciiiired = 2.16 ,ml. tree fatty .“.cid is 
usiialb’ exp]*essed as percentage of oleic acid (milliequivaloiit n’eiglii = 0.2S2) 
present in (he g}‘e:)>e rather than in the original material 
■Ans. Protein — 14. S5 per cent. Moisture == 7.24 per cent. Ash ~ 32.22 
percent. Bciiuj phosphate -= 27.87 per cent. Grease == 9.00 per cent. Crude 
fiber ^ 1.17 per cent. Free fatty acid == 11.40 per cent. 


1012. A sample of solution submitted for analysis is known to contain 
chromium sulfate, potassium dichroniate, and free sulfuric add. All other 
constituents are eliminated by information as to the source of tlie soh,ition. 
Preliminary experiments indicate that the content ol’ the various constituents 
to be determined is U(h th d difTerent volumes of t.he original must be used 
as samples. .Fifty a hi U ^ )i the original are diluted to exactly 500 ml. 
and portions used fo th( lu as specified. 

DetermhmUon of loUd Chuannim ContenL—The chromium in 50.00 ml. 
of the diluted solution is oxidized ammonium persulfate in, acid solution, 
a measured excess of standard ferrous sulfate is added, and the exces,® titrated 
tritli standard per,maiiga.iiate solution. 


25.00 nil FeS 04 23.38 ml. KMiA 

75.00 nil. FeS 04 soliiti,on added 

7.93 ml. 0.1020 X Kl\in 04 used in tiiraFusg the excess 

Ihivrmnudiaii of TrivnUni Clu'oiaiuni. — The chrofuium is precipilnted 
as GrfOIIjs from a iOO.OO-ini portion r)f t]?c diluted solution and tlie precipitate 
ignited to C'rAj. Ignited precipitate == 0.1623 gnxrn. 

JJdermiaation of 7'oUd Sulfate, — The filtnate from the al)ove-iu(*n!iunr‘d 
trivalent clu'omiiim determination is diluted to exactly 250 ml., and a 
lOO.OO-ml. portion is used to determine total sulfate gravimefrically ;?s 
BaS() 4 . Weight of ignited Ba 804 = 1.132 grams. 

C’ahailate: (V;) Grams of CV-FBOds per 100 ml. of original sample, ib) gviuiL^. 
uf K-CToOt ])er 100 ml. of o?‘iginal sample, (c) amount of free H^SCq expres.sftl 
in terms of acid normality. 

1013. A sample of impure potassium perchlorate was suluniifcd for att 
analysis for chloride and chkn-ate eontent. On the assumption licit tmiy 
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these three acidic constituents were , present, and only as potassium salts 
(which was justified 'by a review’ of the method of preparation of the original 
material), the following analysis w’as made: 

The chloride present was precipitated from dilute HNO3 solution with 
AgNOs (chlorate and perchlorate are not precipitated). Weight of sample == 
5.000 grams. Weight of silver chloride - 0.0118 gram. 

In another sample, the chlorate present wms reduced in neutral solution 
by prolonged heating with ferrous sulfate (perchlorate is not reduced). After 
dissolving of the precipitated basic ferric salts in HNOs, the total chloride in 
the solution w'as precipitated with AgNOa. Weight of sample = 5.000 grams. 
Weight of silver chloride = 0.0501 gram. 

Calculate the percentages of KCl, KGIO3, and KCIO4 difference). 
Galculate the amount of FeS04.7H20 necessary to reduce the chlorate present. 

1014. It is proposed to discharge the spent dye Mquor from a dyehouse, 
amounting at times to 126 gallons per minute, into a neighbouring stream. 
Laboratory tests indicate that this may be done satisfactorily if the volume of 
the stream is sufficient to dilute the dye liquor one thousand times. Tests of the 
stream flow are made by adding to the stream a solution of sodium chloride 
at the rate of one gallon in 24 seconds. The chloride in the stream above the 
point of dosing is found by titrating 100 ml. wdth 0.01156 H AgNOs, 1.10 ml. of 
the silver solution being required. A lOO-ml. sample taken belo^v the point of 
dosing required 1.22 ml. of the same solution. Each milliliter of the dosing solu- 
tion required 73. 17 ml of AgN O3. (a) Wdiat is the stream flow in gallons per min- 
ute? (b) What is the normal chloride content of the stream in parts per million? 
(c) What dilution would be obtained for the maximum discharge of dyelic|uor? 

Ans. (a) 153,000 gallons per joiinute. (6) 4.51 parts per million, 
(c) 1,214 times. 

1016. Most samples of leather wffien moistened are acid to litmus. This 
reaction, however, unless extremely marked and in the presence of much 
sulfate, is not conclusive evidence of free mineral acid. Although there is 
no simple chemical method that will give an accurate estimate of this acid, it 
is possible to compare different leathers for acidity by a method of Proctor 
and Searle (Leather Industries Laboratory Book of Afialytical and ExpermmM 
Md/mds, page 371, 1908). 

The principle of this method follows: A sample of finely divided leather 
is treated with standard sodium carbonate: solution .and. evaporated, the 
leather carbonized, and the residue leached with water, The carbonization 
drives off the organic sulfur without an appreciable reduction of sulfur to 
sulfide. The solution is filtered, and the residue ashed and treated with 
standard Ijydroehloric acid. This solution is mixed with the original filtrai.e and 
the mixture titrated with standard alkali, methyl orange being tisod as indicator. 

The data on an actual determination follow; 

Sample weight 5.000 grams 

Na2C03 added 25.00 ml. 

HCl added 28.50 ml. 

Titration, NaOH 14.50 ml 
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The sodinim hydroxide is standardized against 0.8000 gram of potassium 
acid phthalate, requiring 34,25 ml If 25.00 ml. of the NaoCOg 28.50 mi. 

HCl, calculate the free mineral acid as percentage of H2SO4 by weight in the 
sample. 

1016. A sample of tanned sole leather was submitted for analysis with 

specification that the following determinations be made: * 

; ;L' Ash on original - .'i- 

2. Total cimomium on ash, calculated to percentage of CraOs in the ash 
and percentage of Cr203 in the original. 

3. Total sulfur in the original, calculated as percentage of S. 

The analysis and data obtained were as follows: 

1. Duplicate 4.000-gram samples were incinerated at a dull red heat, 
until the carbonaceous matter w^as consumed. 

Weight of ash = 0.3912, 0.3915 gram 

2. Duplicate 0.1500-gram samples of the ash were fused with a mixture 
of NasCOs and Na202, the fusion leached wnth water, the solution boiled to 
remove excess peroxide and made acid, excess standard ferrous sulfate added, 
and the excess ferrous sulfate titrated with standard KMn04. 

Volume of FeS04 added == 100.00 ml 
Normality of KMn04 = 0.1057 
Ratio: 50.00 ml FeS04 ^ 24.60 KMn04 
Back titration, KMn04 = 4.00; 3.98 ml 

3. Duplicate 1.000-gram samples were mixed with pure Na2C03, the mixture 

covered with Na2C03, and incineration carried on at a temperature below the ^ 

fusion point of Na2C03 to prevent loss of sulfur compounds. The residue was 
leached with dilute HCi and the sulfate precipitated as BaS04, after the re- 
moval of silica. 

Weight of ignited BaS04 « 0.0755; 0.0747 gram 

Calculate as indicated. s 

1017. Commercial zinc dust, or ^^blue powder,*^ is a fine, gray powder 

obtained as a by-product from the production of zinc and is gexierally com- ; 

posed of zinc (80 to 90 per cent), zinc oxide (9 to 10 per cent), lead (1.5 to : 

ko per cent), and traces of cadmium, iron, arsenic, and antimony. The ; 

amount of zinc oxide depends partly upon the care 'with which oxygen is 
excluded during storage. As this material is often used industrially as a 
reducing agent it is usual to determine its reducing powder with solutions of 
■K2Cr207.".' ' I 

A 1.600-gram sample of the powder, 100.00 ml of 0.5000 N KnCi^O?, and 
10 ml. of 6 N sulfuric acid are shaken in a bottle mill additions of small ; 

amounts of acid until the sample is dissolved. The solution is then diluted 
in a measuring flask to exactly 500-ml., a 100~ml portion is taken, 5 ml HCI : 

and 10 ml of 10 per cent KI solution are added, and the liberated I2 is titrated 
with 12.96 ml. of 0.1252 N thiosulfate solution, starch being used as indicator. 


I 



Calculate the reducing power of this sample as percentage of zinc. Which ef 
the metals hsted above contribute to the reducing power of the sample? ^ 

1018. Bleaching powder (chloride of lime) when treated with r 
calcium hypochlorite [Ca(OCl) 2 ] and calcium chloride The 
chlorite constitutes the active bleaching and disinfecting agent and ihe“ rSv 
is therefore a determination of “available chlorine ” L ^ ’ j ■^"'-‘lysis 

of Cl by weight, which is the ehlon„“ 

chlorine present as chloride. The original material i i ’ , ^ ^ 

containers and protected from air as far as nossihle • “ “ airtight 

acted upon by carbonic acid, whicrhLiri^Sl.r' 
sponding loss of available chlorine. 

work are difficult to obtain and handle - but tl™T ■ IT ?r • 

and results obtained are sufficient acmT r f. " inexpensive, 

material is used. accurate tor the purposes for wl.ich the 

.n«l »< 

until a drop of the sltion givestnidLtSot^/'? 

indicator (OCl- + AsOa- Q + As 04 =) Paper as an outside 

(at 0=C. and 760 mm.) per ® 

chlorometric (or Gay-Lussac) decree. corresponds to the 

give the American degr^^TcSifrf 01 btL^hT)!^*'''^ 

^ — h t thi-s .sit: 

to iorhp qpir! * T^T -j ii ' ; * The iodide is oxidized 

and remlwod h i^romide are liberated as chlorine and bromine 

is diluTd and filtereTto'' f through the solution. The solution 

the iodic act redtcedl r?r i“«oliiWe chromic sulfate and 

of .sodium sulfite until a T* ^ ^ adding drop by drop a concentrated solution 
separatioi of iodine lo "‘"T causes tiie 
iodide is determin^rbTfifcnd^^^^^^^^ 

bro!niIeltS!i^ ^tffidet 

cerminea as sUver iodide by precipitation with a soluble iodide. 
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Write all equations involved in these reactions. 

In a given case the qualitative analysis of the original substance shows tlait 
Na and K are the only positive constituents. From the following data (‘alcnlah^ 
the miiliequivalents of Cl, Br, and I in the original mixture. Calculate the. 
niillieqiiivalents of 3\ in the sample, and by inspection of your answer ('alculate 
the most probable percentage composition of the original. 


(a) 

(h) 

ic) 

id) 


liVeight of sample — 0.5000 gram 
Precipitated halides = 1.0543 grams 


Weight of sample 
Precipitated Agl 
Precipitated Agl 
Weight of sample 
KCIO4 


= 0.5000 gram 
== 0.07074 gram 
” 1.5044 grams 
= 0.5000 gTaiii 
™ 0.04176 gram 


1020. Ijactic acid as a laboi'atoiy prepara, tion can bo produced !)y bnlling 
cane sugar or glucose with a solution of sodium hydroxide. The acid <'an ho 
sepaixited by converting it into the calcium salt which can then be puriiied 
by crystallization and reconverted to the acid by treatment witli 

The add is nionobasic and has the formula CHs.CHOELCOOH. 

A sample of the calcium salt produced in this way is analyzed by igiation 
of the salt to CaO, which may be w^eighed directly, titrated with standard 
acid, or checked by both methods. A one-gram sample cd’ the ealdma .-alt 
gives an ignited re,sidiie weighing 0.2481 gram. This residue is then titratf^i 
by adding 50.00 ml. of 0.5132 N HCl and titrating back with 32.38 ml. of 
0.5194 N NaOIL 

Calculate the purity of the calcium lactate by each of the two methotls. 

1021. Sodium bismuthate is a yellow, or brown, amorphous, somewhat 
hygroscopic powder, not a true bismuthate but of variable compo;ltioiq 
containing about 4 per cent of ‘‘active’*’ or available oxygen, corresponding 
to 70 per cent NaBiOs. It is insoluble in cold water but is decomposed by 
boiling water. The salt is used principally in the determination of man- 
ganese. 

Tliree grams of sample were mixed with 20 grams of KI and 30 ml. of 
water in a lOO-ml graduated flask. Tw’enty milliliters of dilute HCl were 
added, the flask wxas well shaken, stoppered, and allowed to stand ior one lioiir 
in the dark. The solute was diluted'to the mark and mixed-aiid an aliciunt 
20.00 ml. taken for analysis. The titration required 29.42 ml. of 0.1022 H 
thio.su]fate, starch being used as indicator. , 

Write the equation, for the fundamental reaction. Calculate the peree.ntage, 
01 avaiialfle oxygen in the material. 

1022. Tlie following data are taken from the chemical analysis of a solution 
containing copper sulfate and free sulfuric add only. The color of the solu- 
tion and a preiiminaiy test for acidity indicate the presence of a large amount 
of copper and a slight degree of acidity. -The color: prevents the use oi a 
conventional volumetric acid measurement.;, ' 

Determination of Copper.— A 25.00-mi. .sample of the original .solution Is 


j 



' ' 

.. ; 
: : 1 


Determinati^ o/ rowS/lTo^l'" 

liters of 6.C0 N sulfuric acid to solution as an acid- 

exactly 0.6000 xV as an acid *° ^ «°I“tion to mate t 

kimlati l&OI®.)‘’";’^J “g'g"?” “«"■> ot oJcinm mi mtn~ 
»>«* by pa«„g so. „ ,hZ2 .T' “‘‘. '““’ *"3™™ J.f T? 

Gravimetric metrods'ar^'j^e'd'f' ** method is usualiy auffi ' 

more precise analysis 

-une the specific gravity of the liquor. 

Into a 100-ml. volnmT-'^r^*^ Control Analysis 

dilute to the mark, and mi.r ^ Pipetful of the liquor 

^(^termination of Total SO 'r-^. x . ^ 

xSSS e/hS ‘f'iS""',- »■“' So®*"' "" » 

with n4oH ^Filtr ® ^ *^® determina- 

s£:::sr.»- r* """ ““ 

'iT "■' so- »* eS o?'ro f®” “•« “ «<»b, edd 
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^4vailab!e SO3” is 

magnesium bisulfites and indicate tlJsoTef 

to form neutral sulfites. It is given by tt ti r »«'«.'-‘>urv 

IS given by the iodine titration k- ^‘Total 80.^^'* 

the SO2 in the bisulfites of calcium and^i^T"^ J;epresenfeti by onedndf 

‘avaal!*le SOa” from “total SOj.” • Snesmni and is found by subtracting 

percentage, s of “a^,.iiable 

gravimetric analysis of calcium Z i SO^. (d) From ‘iim 

“mbinedas_Ca(HSO,,),and x\lK(HgoT'^rf'“f "f^^eulate the wwg!,t <,f .SO. 
Calculate this percentage and compare with tT'^^^i “eonibinc.i ,SO,,.’' 

f llTin 3-^0 per cent / “ ’® 

W 010 per cent, 0.019 per cent, 0,011 per ^ (6) 0.9f: cent: 

1C24. Commercial aluminum sulfate is uJ I • Percent, 

mordant, m water purification, and for yariom “t a 

times contaminated with iron ‘mA mn ^ther purposes. It is soniA- 

or “basic” (containing free AljOj) TL^folw'-*®” free IlSO,) 

sample; - an analyshs of a typicS 

Insoluble Matter.—A 25 0n.frra i 

filtered. The residue, dried at 'l™5“C^ 
ms diluted to exactly 500 ml. and mixedfsol. 

» ““ •« ~ 

Iron and Aluminum ---K i • /» 

the iron oxidized with HNO. -uid "5^ Solution 2 was made ael 1 

"'“ ■” “" 

poured through a Jones reductor ■indit'd "T i “®‘'* ’«‘ith l[._,SOt 

winch 1.37 ml. were required. ’ «-'>5272 N KMnO., u^' 

is based upon the foIlowfogreSfonf 30: 184 (ign)] 

Potas^toCLt 

used) with acid or ba.se, decomlls ^ "“*"‘‘“*y /PJi«“JphthaIein beirn^ 

pounds reacting neutral to phenolphthi^Sn'IT r 

present remains as such. Gf Solution ffiSm ^ 

heated to boiling, and 10.99 and 



thP remaining 80s is calculated to Al 2 (S 04 ), If 

“ '^®’ *“® “Os left over is reported as free H..SO4 

percentage of insoluble 

and water alummunr” (.UA) or “free acid” (H.SO4), 


dioxS’ Sr Kr?"-’ “’'t «p ‘‘“Aon 

mortor'nr calcium carbonate. Unlike hydraulic 

'< cement, it will not harden unless fairly dry and exposed to the 

mcirtir ifnSrS*’ V “'""r'’® sand, and water. Cement 

often added to “"f® '‘f "'^1® re°rtar, but some lime is 

than Srr not greater than 3:1. Cement mortar is more expensive 
wliore crrer°strr’rr’-''“* masomy that is exposed to ivater or 

of hvdinti'on " Th*’"* * 1 setting of cement mortar is a proce.ss 

material must b^'’ eomposition of the original 

A . must be made on a sample after ignition. 

or has' been use and therefore has absorbed CO- 

acoo^'dance with “‘ityj^ed in duplicate in 

w. uaiicc with the f ollomng procedure. 

and thoroSlrv^^'^r^ representative is crushed gently 

. SLiC”£S'“" *“ “ “ 

HCl and portion is treated with a considerable volume of dilute 

the soluble matter decanted, and this process repeated until all 

by the acid rSJ h Though some sihcic acid precipitated 

pensated to «om “ the residue, the amount is small and is com- 

The" residue is filte^’T^ff *.**® alumina dissolved from the sand, 

definite volume^n* 1 “sand.” The filtrate is diluted to a 

usJ S J It^Lte 

AlA)._By precipitation with 

laSSttfpriS^^^^ precipitation as CaCA and titration wdth 

tio?toTlgSo!! precipitation as MgNH4P04 and igni- 

The-ie are mearf ^^*®'’Pret the analysis from the data obtained as shown below. 

that the averaffo^ of tto analysis is based upon the usual assumption 
that tlie ignited Portland cement contains 62 per cent CaO and 

free lime 
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Sample for sand = 

Residue (sand) = 

Dilution of filtrate = 

Portion taken = 

N ormality ' KMnOd == 

Volume of KMiiO^ used == 
Weight of Mg 2 P 207 = 


— 5.000 grams 

~ 3.9869 grams 

= 500.0 ml, 

= 100.0 ml. 

== 0.1317 

== 37.67 ml. 

= 0.05521 gram 


1026. Structural concrete consists of cement, sand, and rock to which 
water has been added in proper amount to bring out a process of hydration. 
The chemical analysis of concrete calls for a determination of the proportioiiS 
by volume of the original mix previous to the addition of the water and nmy 
be exceedingly complicated or comparatively simple depending upon the 
extent to which data are required. The si.mplest type of aiiah/sis, in whif*h 
the sand and rock are actiiaiiy determined and tlie cement is assumed t(.) be 
the difference, is illustrated in the following problem. 

A representative sample of material in which the cement adheres loo.soly 
to the rock and in which it is apparent that the concrete has failed because 
of improper original mixture, or other factors, is weighed and the entire sanpjle 
disintegrated with a hammer or mortar and pestle, care being taken to kimck 
the cement off the coarse aggregate or stone without breaking or crushing the 
stone or sand particles. The rock particles (those which will not pass a } ;Piiich 
sieve) are weighed as ^A‘ock.” The finer portion is thoroughly mixed and 
sampled, and the loss on ignition is determined on a small portion. Another 
small portion is treated with dilute hydrochloric acid to dissolve the cement, 
and the sand is collected by filtration and is ignited and weighed as such. 

Determination on Original Concrete Sample 
Weight of original concrete = 1,785 grams 
Weight of rock == 575 grams ■ 

Determinations on Rock-free Sample 

Sand: 

. Weight of sample = 15.00 grams 
Weight of sand = 12.15 grams 

Loss on ignition: 

•Weight o,f sample = 5.000 grams , 

Ignition loss ■ = 0.2654 gram, 

a. Calculate on a, percentage-by-weight basis the loss on ignition and the 
sand ondhe rock-free sample. 

. 1). Determine the ceme.nt by difference. , 

c. Convert this 100 per cent analysis on the rock-free sample to a lOO per 
.cent basis on the' original concrete by introducing 'the' percentage' of rock as. 
a factor. 

cL Convert this 100 per cent analysis of the original concrete to a lOO per 
cent analysis, on a yvaterdree and COg-free basis by eli.ininatmg loss on ignition 
■■■•aS'R factor. 
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c. Oq the generally accepted basis that 

1 cubic foot of rock == 100 pounds 
1 cubic foot of sand = 90 pounds 
1 cubic foot of cement ~ 94 pounds 

convert the analysis from a percentage-by-weight to a parts-by-volume basis. 

/. Reduce these data to a unit basis for cement to two significant figures. 

1027. The complete qualitative anatysis of a sample of welding compound 
showed definitely the presence of K+j Cl*, and F“, the first three con- 
stituents present in large amounts in comparison with the fluoride. The 
anal\’^sis also proved conclusively the absence of all other constituents/ 
including water in any form. 

The following quantitative analy.ses wmre made: 

The determination of total Cl“ precipitated and weighed as AgCl 

Sample weight == 0.4000 gram 
AgCl weight = 0.7794 gram' 

The determination of total F“", precipitated and w^eighed as CaF 2 . 

Sample weight = 3.000 grams 
CaFg weight = 0.3046 gram 

The determination of total Na'^ and K+ (after removal of the interfering 
constituent F*") by the usual perchlorate method. 

Sample weight ~ 0.2000 gram 

NaCl and KCl weight = 0.2095 gi*ani 
KCIO 4 weight = 0.1714 gram 

A calculation of, the percentage of the constituents, K**", Cl“ and F"" 
gi ves no indication of the' proportions of the salts actually mixed to make this 
compound. An interpretation of the results- to, give tills inforihatiGn should 
be made in accordance with the, following method: 

a, , Calculate the weights of all precipitates, and convert, to the basis' of a 
one-grarn sample. ', 

, 5. -.Reduce all data to the milliequivalent basis. ' , 

1. Milliequivalents calculated from weight AgCl 
' , 2. Milliequivalents calculated from wmight CaF-i. 

3. ; Milliequivalents calculated from wmight KCiOi. , , 

(1) Convert milliequivalents KGIO4 to grams KCi 
„ ( 2 ) Subtract grams KCl from grains KGl -b NaCi , 

(3) Calculate milliequivalents from weight NaCl 

a. Total the milliequivalents due to + constituents. 

d. Total the milliequivalents due to — constituents. 

If these totals balance within the limits of experimental error, it indicates 
that a correct analysis has been made, barring the improbable possibility 
that a constituent of the compound was completely overlooked in the qualita,- 
tive and quantitative analyses. 
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e. Consider the seven possible mixtures of all the salts of the constituents 
Na’^, Gi“ F“ starting with the simpler mixtures, as enumerated 
below: , , 


KCl 


KCi 

KF 

KF 

KF 

KCl 

KCl 

NaCl 

NaF 

NaCl 

NaF 

NaF 

NaCl 

NaCl 

KF 



NaCl 

KCl 

NaF 

KF 

NaF 


/. By balancing the milliequivalents it is possible to eliminate four of the 
first six mixtures listed as impossible from the data of the analysis and to 
prove two possible mixtures as a duplication of the sample. 

The possibility'’ of the seventh mixture cannot be proved or dispir^ved with 
the data of the analysis. Further examination, possibly of a mi<;ros<‘op"n‘, 
or complicated chemical nature, would be necessary to indicate the actual 
existence of the four separate salts. 

g. From the observations made in (/), calculate the percentage conipo-ition 
of the mixture, bearing in mind that all data are now’ based on a one-gram 
saniple. The percentage mixture is an interpretation of the actual salts and 
their proportions by w^eight to be used in duplicating the original welding 
compound. 

KCl — 46.09 per cent KF ~ 15.11 per cent 

KaCl == 43.43 per cent KCl — 26.70 per cent 

NaF = 10.91 per cent NaCl = 58.61 per cent 

1028. The qualitative analysis of a solution of brine used in a special 
refrigerating process indicates the presence of barium, potassium, and sodium 
in medium amounts and chloride in large amount. All other constituents 
are eliminated. The method of quantitative analysis used in this particular 
case, W'hich specified an inexpensive commercial analysis, is as follows: 

Specific Gravity . — This was determined with a hydrometer at 20 ®C. « 1 .188. 

Total Barium,— A 50.00-ml. portion of the original solution was diluteti 
to exactly one liter, and a 100.00-ml portion was used for the preeipitation 
of barium as BaS04. Weight ignited BaS04 = 0.6169 gram. 

Total Chloride.— A 50.00-ml. portion of the original solution was diluted 
to exactly one liter, and a 50.C0-mL portion was used for the 
of chloride as AgCL Weight AgCl = 1.2575 grams. 

Total iSofzds.— -Twenty-five milliliters of the original solution wen^ evapo- 
rated to dryness and ignited at a temperature of 400®C to remove tlie water 
of crystallization in the BaCh. The residue (assumed to be BaCf., XaCI, 
KCl) weighed 6.7912 grams. 

Calculate the percentage by weight of BaCl2.2Il20, KaCi, and KCi in 
the original solution. 

1029. Acetaldehyde is a low’-boiling liquid which is soluble in water. 
The dilute aqueous solution when treated with a solution of sexlium bisuldto 
forms an addition compound as indicated by the following equation: 
CH3CHO -f NaHSOs + H2O CIKCHOHSOaNa. ,,Tt was desired to work 





out a feasible iodimetric method for determining acetaldehyde making use of 
this reaction. Since both bisulfite ion and the above addition product under 
proper conditions of acidity can be oxidized bj" iodine, and since bisulfite in 
the presence of acid loses SO2, a satisfactory method would seem to require 
careful control of such factors as pH value and time of standing. The experi- 
mental analyses tabulated below were conducted in an atteiiipt to use such an 
iodimetric method. In each analysis a 25.0-mL pipetful of a solution contain- 
ing 3.324 grams of acetaldehyde (mol. wt. == 44.0) and a little H2SO4 per liter 
wsls used. The aldehj^de employed was carefully prepared and was better 
than 99 per cent pure. To this aldehyde solution, after dilution with, water, 
Tvas added the indicated quantity of a solution containing approximately 
39.5 grams of NaliSOs in. 3.5 liters. After standing the indicated time, the. 
solution was titrated with 0.0926 N iodine, with starch as the indicator. In 
certain cases (as indicated below) HGi was added together the bisulfite 
and in certain cases (as indicated) NallCOs was added after reaching the 
end point with iodine. When NallCOg was used, it was found that further 
iodine was necessary to restore the blue color, the total volume required being 
indicated in the last horizontal columns. The titrations were conducted in 
Erlenmeyer flasks and no special precautions were taken to eliminate loss of 
SO2 on standing. 

Convert all numerical data to milliequivalents and from a study of the 
values obtained write out in detail a dependable method for determining 
acetaldehj^de to a precision of .two or three significant figures. Emphasize 
those conditions that must be followed with care and formulate the method 
of calculating the results. State all the conclusions you can draw as to the 
chemical characteristics of the reactions involved. 


1 

1 ' i 
... 1 

B 

3 ' 

4 

5 

NaliSOs soln. ....... . 

35.0 ml. 

35.0 ml. 

35.0 ml. 

35.0 ml. 

35.0 ml. 

2N,HCi...... 

None 

None 

None, 

None 

None. 

Time of standing. , . . . 

5 min. 

15 min. 

30 ,m.i.n. 

10 min. 

15 m.in. 

First I2 end point 

68.6 ml. 

64.4 ml. 

59.2 ml. 

10.9 ml. 

.18.2 ml. 

NaliCOa added. ..... . 

Second E end point . . . 

None 

None 

No.ne 

Excess 
35.2 ml. 

Excess 
50.5 ml. 


6 

7 


9 

10 . 

35.0 mi. 

35.0 ml. 

35.0 .ml. 

35.0 ml. 

35.0 ml 

1.0 ml. 

1.0 ml. 

1.0 ml. 

1.0 ml. 

1.0 mi. 

5 min. 

15 mill. 

20 min. 

30 min. 

.60 min. 

34.6 ml. 

33.6 ml. 

26.8 ml. 

24.2 ml. 

29.2 ml 

Excess 

Excess I 

Excess 

Excess 

Excess 

64.5 ml. 

09.9 ml. 

64.4 ml. 

64.8 ml. 

70.0 ml 
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NaJlBOs soln 
2 N liCl . . , 


Time of standing 

First I2 end point 

XaliCOs added 

vSecond I2 end point . . . 




11 

w 

13. , 

j 14 

: 

NaHSOs sohi. 

25.0 ml. 

50.0 ml. 

35.0 mi. 

1 35.0 mi. 

J 35.0 ml. 

2 N HCl 

1.0 ml. 

1.0 mi. 

1.0 ml. 

1.0 mi. 

i.o nd. 

Time of standing 

30 min. : 

30 min. 

30 min. 1 

30 mim 

i 30 min. 

First I2 end point 

21.6 ml. 1 

53,1 ml. 1 

31.6 ml. 1 

36.7 mi. 

1 29.0 ml. 

NaHCOs added 

Excess 1 

Excess 1 

i 

Until 

neutral 

Exe.ess 

i l'.nces> 

Second, I2 end point . . . 

58.8 ml. 

! 

93.8 ml. I 

i 

69.5 mi. 

77.3 ml 

i 70.6 III , 


1030. “Niter cake” (cottimercial sodium acid sulfate), a fi-u* 

one of the processes for the manufacture of nitric acid, is used extensi\'(*r ■ 
as an acid in the pickling of steel and other alloys. ^ The usual ii]i|.niri1y i- 
a small amount of iron as ferric sulfate. A sample is submitted for analy-i;* 
and the following information requested: (a) the perrrentage of t(dul iron, 
calculated to percentage Fe2(S04)s, (6) the acid strength of tlie sainpk* cab 
Ciliated as percentage of NaHS04, (c) any free acid ca](‘ulale(i to piu'conlrge 
of H2SO4, id) any deficieiic}’ of acid calculated as pereeiilage of Na-jSCh. 

Determination of Total Iron . — The iron was precipitated as FcfCDITgj 
dissolved, reduced, and titrated with 0.1050 N KiMnOi. Semple - lO.CsO 
grams. Volume of KMiidi required = 0.20 mi. 

Deierminaiion of Total Sulfate . — Precipitated as BaSO^ (without eiiniinri- 
tion of small iron) from a hydrochloric acid solution of the salt. Sarnpie — 
2.000 grams. Solution diluted to 250 ml. and a 50-mL aliciuot portion taken. 
Ignited BaS04 obtained '= 0.7760 grain. 

deierminaiion of Total Acid Stren-gih . — Direct titration witli 0.5137 N 
NaOII on a two-gram sample, methyl orange being used as' the indicator, 
required 32.02 ml. of the NaOH. 

a. Calculate all data to a one-gram- basis, and reduce to millicc|uivalents, 
being careful to designate the miiiiequivaleiits in the iron titration as olhuined 
by a process involving oxidation , and reduction, in the case of BaSOi as a 
sulfate, and in the alkali titration as an acid, 

■ h. Convert the number of rmlliequivalents due to the iron content, which 
has been calculated as an oxidising agent, over to the number of luillicquiva- 
ieiits as a salt (sulfate), and: convert the mdlliequivalents obtaiiuHl from the 
alkail titration over to inilliequivalerjts as a . sulfate. ■ The results should 
indicate a:ii excess su!fat}e as Na2S04, ■ 

t\ Calculate the niilliec(uiva}ents of iron to percentage of Fe-ifyOAs- 
>Subtract the niilliequivalents of iron expressed as a suit from the total 
millieqiiivaients of BaS04, and calculate the miiiiequivaleiits of KaIlS04 as 
an acid or as a salt to percentage , of NaHS04. 

d. Calculate the residual niilliequivalents of BaS04 to percentage of Na-SOi. 
■10,31. A deposit taken, from a steam boiler, a, ti’pieal ‘‘boiler scale,” had 
the following characteristics: d:u’k-colored scales, apparently containing 
iron oxide; the center layer of the plates white in color, indicating the possi- 
bility of CaS04; general characteristics indicating some organic matter. The 
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specification of analysis caUed for a typical analysis of the boiler scale and 

nothing uncommon to such a product 
.42 ™ r.dS° " Ot Th. MIo^e 

Jo,«pf%.-The scale was broken up in a porcelain mortar, then Quartered 
and a final portion ground to a fine powder in agate. 


Analysis op Original Sajiple 

^eA^te.-A poition of the original sample was dried at 105»G. to constant 

Sample weight = 9 .OOOO grams 

Weight of dried sample = 7.6303 grams 

Analysis of the Dbied Sample 

Oif — A portion of the dried sample from the moisture determination 
transferred to an extraction thimble and extracted with ether Tn fsoxhW 

Threfr “ collected in a weighed i^k 

The ether was distilled off and the flask dried at 105°C. 

= 3.0000 grams 
\\ eight of flask and extract ~ 17.3296 grama 

Weight of flask = 17.3027 grams 

Analysis op the Original Sample 

at a’i™ +" A portion of the original sample was imiited 

at a low tem^rature until the organic matter was burned off The tem^rf 
ture was sufficient to remove moisture, oil, organic matter and CoTom 
carbonates but insufficient to decompose sulfates ^ “ 

Weight of sample = 1.0000 gram 
Weight of residue = 0.7286 gram 

Analysis op the Ignited Sample 

Imolvble in Add (Siliceous material).~A portion of tho ^ i 

w« rth HOI „„a only . rtr. fa is J:. 

r«du. w,» wdghd i. ,h. JS ™ ' 

Weight of sample = i.oooo gram 
weight of ignited residue = 0.5870 gram 

Iron and Aluminum Oicfdcs.— The filtrate fmm ji x . . 

was oxidized with HNOs, NH4a and NH4OH added the^m 

all expelled by boiling, and the precipitated Al(OH )3 and FefOHl ffitero^ 

and i^ted. Weight of ignited oxides = 0.2280 £am ^ 

to piXte’caGo'^^ffiT precipitation was u-sed 

StrSnS ’ iP H^SOv and titrated 

Volume of KMnO< = 27.40 ml. 

Normality of KMnO. = 0.1070 
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Magnesia. The filtrate from the calcium determinatioa was used for 
precipitation of MgNH 4 P 04 in the usual way. The precipitate was ignited. 
Weight of ignited precipitate = 0.03181 gram. 

Sulfur Trioxide. A 1.000-gram portion of the ignited material was trcfited 
with concentrated HCl, diluted, and filtered and the sulfate precipitated as 
BaS 04 and ignited. Weight of BaSOi = 0.4089 gram. 

Chlorine. A portion of the ignited sample was treated wnth waier and 
filtered and the chloride content determined in the filtrate hy the usual 
method of precipitating AgCl in the presence of HNO,, filtering, and drviim 
at 105°C. Weight of AgCl = none. 

Total Iron. A. portion of the ignited sample was dksolvod in Hd, the 
iron reduced with stannous chloride, the excess reducing agent reoxidized 
with HgClj, and the iron titrated with KMnOi in accordance with the usual 

metliod. 

Weight of sample = 1.0000 gram 

Volume of KMn04 = 26.77 ml. 

Normalit}^ KM11O4 = 0.1070 

€arbo7i Dioxide.--A portion of the original substance showed no effer- 
vescence with dilute liCi. 

1. Using the data obtained from the analysis of the igrdted sarri])le, wiiidi 
is all on a one-grarn basis, calculate on the ignited sample: (a) percentage hy 
weight of insoluble residue; (b) percentage by weight of combined o.xides 
(FesOs.AbOg); (c) gram-milliequivalents of CaO; (d) gram-millienuivalonts 
of MgO; (e) gram-milliequivalents of SO3; (/) gram-milliequivalents of 11 ; 
(g) percentage by weight of Fe expressed as Fe203; (h) gram-iiiilliequivaleiits 
of CO2. 

2 . Calculate: (a) millieqiiivalents Cl (if present) to percentage of XuCl 
by weight; (b) milliequivalents SO3 to percentage of CaS04 if an excess of 
SOs is present, to percentage of MgS04 if SO3 is insuffieient to combine with 
CaO, remainder of CaO to percentage of CaCOs; (c) milliequivalenlH Mgf) 
in excess of the excess milliequivalents SO3, to percentage of IMgO (not to 
percentage of MgCOs, for this decomposes at the temperature of die boiler). 

3 . ' Consolidate the analysis on the ignited sample to percentages of 

Insoluble residue 
Iron oxide (Fe203) 

Alumina (AbOs) ' . 

Calcium sulfate (CaS04) 

Magnesium sulfate (MgS 04 ) - 
Magnesium oxide (MgO) 

Sodium chloride (NaCl) 

, ..(This analysis ..of. the ignited portion, if correct, should 'total 100 per cent 
within the limits of experimental error.) 

4 . Calculate the percentage of organic and volatile matter (including oil, 
moisture, organic matter, and CO2) on the ori^nal sample, and convert the? 
100 per cent analysis on the ignited sample .to .a 100 .per cent mmlysis o.n .aa 
original basis by introducing this factor. 
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5. Calculate the moisture content on the originai sample, and introduce it as 
a factor in the analysis, deducting the percentage for the ‘'‘'organic and volatile 
matter''’ and changing tlii.s term to “orgamc matter -f- oil -f- CO2.” 

6. Calculate the percentage of CO2 in the origiriaJ. sa^mple, and introduce 
it as a factor in the analysis, deducting the percentage for the “organic 
matter + oil + CO2,” leaving now a factor “organic matter + oil.” 

7. Calculate the percentage of “oil in the dried sample,” and con vert 
this percentage only to an original sample basis. Deduct this value for the 
factor “organic matter -f oil,” leaving the factor “organic matter.” 

8. Make out a complete report of analysis on the originai sample basis. 

Ans. Moisture == 15.22 per cent 

Oil . - 0.76 

CO2 = none 

Organic matter = 11.16 
Insoluble in acid = 39.14 

Fe20'{ — 16.68 

AbOs ~ none 

CaS04 = 14.53 

MgS04 - 2.50 

MgO = none 

NaCl = 

99.9^9 i>er cent 

1032. Two samples of table or dairy salt, submitted for complete analysis, 
W’ere analyzed in accordance with the method given below, with results as 
indicated. The analysis was made in duplicate by the standard methods 
to determine whether these samples conformed to the United States specifica- 
tions which require that they shall contain, on a water-free basis, not more 
than the following amounts of impurities: 

1.4 per cent CaSO.! 

0.5 per cent CaCb 4- AlgCb 
0.1 per cent insoluble in HsO 
0.05 per cent BaCb 

(In addition to the substances specified, table salt sometimes contains 
small amounts of Ca.i(P04)e, Na2S04, and MgS04. Natural salt also may 
contain small amounts of Na^CO.^, KCl, and other minor, impurities.) 

Method of - Analysis a'nh Resu'Lts 

Appearance. —Examine the material U'nder a microscope and note its general 
appearance. It should be homogeneous and free from foreign matter, Ad<l a 
drop of dilute HCl to the salt on the slide, and note if there is any efTerveseeii<!e 
due to the presence of carbonates. 

Sample 1: Homogeneous, clear color, no foreign matter. Definite crystal- 
line stmcture. No effervescence with HCl 

Sample 2: Homogeneous, clear color, no foreign matter. Definite crystalline 
structure. Grains 'much smaller than .Sample L v No eifer- . 
vescence with HGl 
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Boluhility uiid ii^€£icfe*ow,"-™'Make a nearly saturated solution' with distilled ■ 

water. Test witii sensitive litmus paper. A turbidity which dissolves on the ‘i 

addition of HCi indicates Ca3(P04)2 or CaCOa. . J 

Sample 1 : Clear solution, neutral to litmus | 

Sample 2: Turbid solution, neutral to litmus; turbiditj^ disappears on the | 

addition of acid. 

, 3ioisture.—I)rj 10 grams to constant weight at 105°C. 


Sample 1: 

Sa,mple 

10.0000 

10.0000 

Wt. dry 

9.8603 

9.8592 

Loss 

0.1397 

6.1408 

Sample 2: 

Sample 

10.0000 

10.0000 

Wt. dry 

9.5520 

9.5480 

Loss 

0.4480 

0.4520 


Phosphoric Anhydri(l£—I)ksQlve 50.00 grams in distilled waier, ililute 
to 500 ml., and pipet out lOO-ml. portions of uniform solution and siis].)cn<io:L 
Add 10 ml. of concentrated HNCOs.; then add NH4OH until the acid is nearly, 
blit not completely, 'neutralized. Add an excess of ammonium nujiybtiate 
solution, warm gently, and let stand one hour. If the solution is coimnd 
bright yellow but gives no precipitate, report a trace of PoOf,. If a yellow 
precipitate forms, detei’inine the phosphate by one of the standard metiiods 
(see Part VI, under Phosphorus). 

Sample 1: 

Sample = 10.00 grams 

Analysis - no precipitate obtained 

Sample 2: , 

Sample == 10.00 grams 

KM11O4 = 30.25 ml. \ , 

^ , > Blair method 

= 30.10 ml. J 

KMn04 = 0.1067 N. 

Iron Oxide a, ml Aliim.ma.--(a) In the absence of P2O&: To a new 100-mi 
portion of tlie above-mentioned solution add a few drops of concent riitod 
UNO;;, and boil to oxislize the ferrous iron. Add a slight excess of 
filter, wash, and ignite to Fe^O;} -f AbOs. (5), In the presence, of PAh.: To 
100 ml. of the tiriginai solutioi!!, add slightly more than enough ferric sulirdi.* 
to combine with tlie IhOy. After adding the iron solution, add a slight excess 
of NII4OII, and i;)oil until barely' ainmoniaeai. This precipitates all the 
as. FeP04 and excess, iron as Fe (OH) 3. Filter, . w^ash, and ignite to Fe203 -h, 
AI2O3 “T 'PaOs. From, this weight, subtract; the. amount of P2O5 p'reviously 
determined and the weight of FeaOs ailded. ,, The, remainder will be Fe^O* + 
AI2O3. 

. Sample 1: . 

Sample iveight = 10.00 grams 

Ignited precipitate = none 
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Sample 2: 

Sample weight = 10.00 grams 

Milliliters Fe2(S04)3 solution added = 100.0 
(0.001275 molar) 

Ignited precipitate = I 0-0269 gram 

_ 1 0.0269 

Total Calcium.~ln the filtrate from the combined oxides, precipitate the 
calcium as CaCjO^.I-IjO, dissolve in dilute H2SO4, and titrate the equivalent 
oxalate with standai-d KMnOi. 

Sample 1 : 

MiimitersKMn04= 

KMnOi = 0.1067 N 

Sample 2; 

Milliliters KMnOi = | 

{ 38.26 

KMnOi = 0.1067 N 

Total il/oprteswOT.— Precipitate the magnesium in the filtrate from the 
calcuim oxalate as MgNH4P04.6H20; ignite to MgaPjOi. 

Sample 1: Ignited MgoPaO, = 

Sample 2: Ignited MgjPaO? = 


f 0.01751 gram 

lo.o 


Sample 1: Weight BaS04 

Sample 2: Weight BaSO, = ( 

[ 0 .^ 


).01757 

f 0.07296 gram 
i 0.07300 

Trioxide.— To 100 ml. of the original solution, add 5 ml of dilute 
xiCi and precipitate BaS 04 in the usual way. 

f 0.2446 gram 
1 0.2448 
0.4320 gram 
, 0.4333 

TotoZ Barium,— If sulfate is present, Ba cannot be in the solution but 
might be present in the insoluble portion. If SO 3 was not found, test for 
anum y adding 5 ml. of dilute H 2 SO 4 to 100 ml. of the original solution 
precipitating BaS 04 , igniting in the usual way. ^ 

Totd CAfonde.— Dilute 100 ml. of the original solution to 500 ml., mi.x, 
and pipet out 25 ml. Dilute to 500 ml., add 5 ml. of dilute HNO3, and pre- 
cipitate as AgCl, drying at 105'’C. 

Sample 1; Weight AgCl = I ®-ams 

Sample 2: Weight AgCl = | 

Total Pofasstum.— Dilute 100 ml. of the original solution to 150 ml. Heat 
to boiling, and add, drop by drop with constant stirring, a slight excess of 
aaUa solution. Without filtering, add in the same manner Ba(OH)2 solution 
in excess Filter while hot, and wash until free from chloride. Add 

mw i oA ““^’--ated NH4OH and a saturated solution of 

iAii4JsCU3 until the excess barium is precipitated. Heat, and add 0.5 gram 
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of oxalic acid; filter, wash until free from chloride, evaporate the filtrate to 
dryness in a platinum dish, and ignite carefully over a free flame below red 
heat until all volatile matter is driven off. Digest the residue with hot wtUcr 
and filter through a small filter. Acidify with HCl, and add H 2 PtC 1.6 solution 
in excess. Evaporate on a water bath; add 80 per cent alcohol Filter m a. 
Gooch crucible, and dry at 105 “G, 

Sample 1: 

KgPtCle ~ none 

Sample 2: 

K 2 PtCl 6 = 0.4304 gram 

a. Calculate loss at 105°C. directly to percentage of loss by weiglit. 

h. Calculate grams of P 2 O 5 , grams of Fe^Os + AI 3 O 3 + :PjiC)s, grams ■ of 
FeaOs + AhOs, grams Fe-^Os, and grams AhOg per gram basis: reduce the 
single terms to niillieqiiivalents. 

c. Reduce all other data to rnilliequivalents per gram basis. 

d. Calculate: P 2 O 5 to Ca 3 (P 04 ) 2 ; excess over CaC to Mg 3 (P 04 ) 2 : furt!it*r 
excess to Na 2 liP 04 . 

€. Calculate: SO 3 to CaS 04 ; excess over CaO to MgS 04 ; further execs? to 
Na2S04. 

/. Calculate CaO over P 2 O 5 and SO3 to CaGOa (if the salt solution Is turhi i 
and shows the presence of carbonates) or to CaO (if the salt is alkaline) r»i t o 
CaCh (if the solution is clear and neutral). 

g. Calculate MgO over P 2 O 5 and SO3 to MgCOs (if the salt solution is 
turbid and show’s presence of carbonates) or to MgO (if the salt solution Is 
alkaline) or to MgCh (if the solution is clear and neutral), 

L Report Fe^iOs and AI2O3 as such. 

i. If BaCl'j, CaCh, MgCh, KCl are present, subtract the equivalent 
amount of AgCi from the total AgCi before calculating the latter to KaCl, 

j. Calculate percentage by weight of each constituent of the oi'igiiu;l 
sample. 

k Calculate percentage by weight of each constituent , (dry basis). 

Ans. 



Sample 1 

1 Sample 2 

Ca3(P04)2 

None 

: O.1S0 

FeaOs.......... 

None 

; ' None 

AI 2 O 3 

No.ne 

None 

CaCh.. 

0.324 

' 0.054 

MgCh. 

0.15 

. 0,653' 

CaSOi... 

1.45 

■■■ 2.65 

BaO.. 

: ^None . .. ' 

None 

.NaCL ...'...A....... ........... ■ 

98.17 1 

95.00 ' 

KOI.. V. ...... ................... ..1 

; 'None'' 

:1.39 

.Total. . . . ...... . ... . . ■■ 

100.09 

99.90 
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Table IV,"~-Density of Watee at Temperatures 15 to 30 TI 


Temp., 

“C. 

Density (unit = weight, 
ill vacuo of 1 ml. wa.ter 
at 4°C.) 

Weight irs grams of 1 ml. 
water, in glass coataJiier, 
in air against f trass weights 

15" 

0.99913 

0.99793 

16" 

0.99897 

0.99780 

17“ 

0.99880 

0.99766 

IS" 

0.99862 

0.99751 

19° 

0.99843 

0.99735 

20° 

0.99823 

0.99718 

21° 1 

0.99802 

0.99700 

22° ^ 

i 0.997S0 

0.996S0 

23" ! 

I 0.99757 

0.99660 

24® 

1 0.99732 

0.99638 

25" 

i 0.99707 

0.99615 

26" 

i • 0.99681 

0.99593 

27° 

j 0.99654 

0.99569 

28° 

I 0.99626 

j 0.99544 ■ 

29" 

1 0.99597 

j 0.9951S 

30° 

1 0.99567 

0.99491 
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Table V. — Vapoe Pressitee op Water 




Temperature, 

"C. 

Pressure, 

mm. 

‘ 

Temperature, 

"G. 

Pressure 

mm. 

0 

4.6 

21 

18.5 

1 

4.9 

22 

19.7 

2 

5.3 

23 

20.9 

3 

5.7 

24 

22.2 

4 

6.1 

25 

23.6 

5 

6.5 

26 

25.0 

6 

7.0 

27 

20.5 

7 

j 7.5 

28 

28.1 

8 

8.0 

■ 29 

29.8 


8.6 

30 1 

31.6 

10 1 

9.2 

31 

33.4 

11 

9.8 

32 

'35.4 

12 

10.5 

33 

37.4 

13 

11.2 

34 

39.6 

14 

11.9 

35 

41.9 

15 

12.7 

40 

55.0 

16 

13.5 

50 

92.2 

17 

14.4 

60 

149.2 

18 

15.4 

70 

233.8 

19 

16.4 

80 

355.5 

20 ^ 

17.4 

1 

90 

526.0 
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' Table VI— Specific Gravity op Strong Acms at — in Vacuo 

4 ^ 

(According to G. lunge) 

(From Treadwell and Hall’s “Analytical Chemistry,” Vol. H, published by John Wiley 
& Sons, Inc., by permission) 


Specific 
gravity 
15 ® 


at 


40 


(vacuo) 


1.000 
1.005 
1.010 

1.015 
1.020 
1.025 
1.030 
1.035 
1.040 
1.045 
1.050 
1.055 
1.060 
1.065 
1.070 
1,075 
1.080 
1 . 085 ' 
1.090 
1.095 
1.100 
1.105 
I.IIO 
■ 1.115 
1.120 
1.125 
1,130 
1.135 
1,140 
1.145 
: 1.150 
1.155 
1,160 
, 1.165 
: 1,170 
■ 1. 175 
1,180 
: 1.185 
: , 1 . 190 , 
■ . 1 . 195 : 
1 . 


Per cent by weight 

Specific 

gravity 

450 

at ^0 
(vacuo) 

HCl 

HNOa 

H3SO4 


0,16 

1.15 

2.14 

3.12 

4.13 

5. 15 

6.15 

7.15 

8.16 

9.16 

10.17 

11.18 ' 

12.19 

13.19 
14.17 

15.16 
16.15 

17.13 
, 18.11 
19.06 
20.01 
20.97 
21.92 
22.86 
23,82 
24.78 
25.75 
26.70 
27.66 
28.61 
29.57 
30.55 
31.52 
32.49 
33.46 
34.42 
35.39 
36.31 
37.23 


Per cent by weigirt 


HNO.1 


HsSOi 
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bPEGiPiG Gravity op Strong Acids at in Y ACVO.—{ContinMei) 

(According to G. Lunge) 


Specific 

gravity 

at 

Per cent by weight 

Specific 

gravity 

atf 

Per cent 
by 

weight 

Specific 
gravity 
, 15° 
at-^ 

Per cent 
by 

weight 

(vacuo) 

j HNO, 

H 2 SO 4 

(vacuo) 

H 2 SO 4 

(vacuo) 

H2SO4 

1 

.470 

82 

90 

56.90 

1 

.610 

69 

.56 

1 

.750 

81 

.56 

1 

.475 

84 

45 

57.37 

1 

.615 

70 

.00 

1 

.755 

82 

,00 

1 

.480 

86 

05 

57.83 

1 

.620 

1 70 

.42 

1 

.760 

82 

.44 

1 

.485 

87 

70 

58.28 

1 

.625 

70 

.85 

1 

.765 

S3 

.01 

1 

.490 

89 

90 

58.74 

1 

.630 

71 

.27 

1 

.770 

83 

.51 

i 

.495 

91 

60 

59.22 

1 

.635 

71 

.70 

1 

775 

84 

.02 

1 

.500 

94 

09 

59.70 

1 

.640 

72 

.12 

1 

780 

84 

.50 

1 

.505 

96 

39 

60.18 

1 

.645 

72 

.55 

1 

785 

85 

.10 

1 

.510 

98 

10 

60.65 

1 

,650 

72 

.96 

1 

790 

85 

.70 

1 

.515 

99 

07 

61.12 

1 

.655 

73 

.40 

1 

796 

86 

.30 

1 

.520 

99 

67 

61.59 

1 

.660 

73 

.81 

1 

soo 

86 

.92 

1 

.525 



62.06 

1 

.665 

74 

24 

1 

805 

87 

.60 

1 

.530 



62.53 

1 

.670 

74 

66 

1 

810 

88 

.30 

1 

.535 



63.00 

1 

.675 

75 

08 

1 , 

815 

89 

16 

1 

540 



63.43 

1 1 

.680 

75 

50 

1 . 

820 

90 

05 

1 

545 



63.85 

1 

685 

75 

94 

1 . 

825 

91 

00 

1 

550 



j 64.26 

1 

690 

76 

38 

1 . 

830 

92 

10 

1 

555 



1 64.67 

1 

695 

76 

76 

1 . 

835 

93 

56 

I, 

,560 



i 65.20 

1 . 

,700 

77. 

17 

1 . 

840 

* 95. 

,60 

1 . 

565 



1 65.65 

1 . 

.705 

77. 

60 

1 . 

8405 

95. 

95 

1 . 

570 


* \ 

66.09 

1. 

710 

78. 

04 1 

1 . 

8410 

96. 

38 

i. 

575 


1 

66.53 j 

1 . 

715 

78. 

48 i 

1 . 

8415 

97. 

35 

1 . 

580 



66.95 

1 . 

720 

78. 

92 j 

1 . 

8410 

98. 

20 

1 . 

585 



67.40 1 

^ 1 . 

725 

79. 

36 i 

' 1. 

8405 

98. 

52 

1 . 

590 



67.83 1 

1 . 

730 

79. 

80 j 

1 . 

8400 

98. 

72 

1 . 

595 



68.26 i 

i. 

735 

80. 

24 1 

1 . 

8395 

98. 

77 

i',. 

600 



68.70 ! 

1 . 

740 

80. 

68 

1. 

8390 

99. 

12 

1 . 

605 



69.13 1 

ii 

1 . 

745 

81. 

12 i 

1. 

8385 

1 

99. 

31 , 



APPENDIX 


Table VII 


■Specific Gravity of Potassium and Sodium Hydboxiihv 
SOLUTIOJTS AT 15°C. 

ind Hall’s “Analytical Chemistry,” Vol. IT, pnblishcd by John "Wiley 
& Sons Inc. by permission) 


(From Treadwell 


Specific ! 
gravity | 

1 

Per cent' 
KOH 

jj 

Per ceiii ' 
NaOH n 

Specific : 
gravity : 

Per cent ; 
KOH ; 

Per cent 
; NaOH 

1.007 

0.9 

0.61 

1.252 ! 

27.0 : 

22 Ot 

1.014 

1.7 

1.20 1 

1.263 : 

28.2 

; 23 C»7 

1.022 

2.6 

2.00 I 

1.274 * 

28.9 

2i SI 

1.029 

3.5 

2.71 |! 

1.285 j 

29.8 

25 SO 

1.037 

4.5 

3.35 ' 

1.297 1 

30.7 ■ 

■ 26.83 

1.046 

5.6 

4.00, 

1.308 i 

31. S 

: 27 80 

1.052 i 

6.4 

4.64 

1.320 i 

32.7 

i 28.83 

1.060 I 

7.4 

5.29 1 

1.332 1 

33.7 

; 29.93 

1.067 i 

8.2 

6.87 1 

i 1.345 ! 

34.9 

i 31.22 

1.075 ! 

9.2 

6.55 1 

; 1.357 i 

35 . 9 

i 32.47 

1,083 : 

10.1 

7.31 I 

1 1.370 ! 

36.9 

! 33.69 

1,091 

10,9 

S.OO i 

; 1.383 i 

37,8 

j a-i.oo 

1.100 1 

12.0 

8.68 

i 1.397 ! 

38. 9 

5 . 36.25 

1 . 108 i 

j 12.9 

9.42 

1.410 1 

39.9 

37.47 

1.116 

j 13.8 

10.06 

1.424 I 

40.9 

3'S.<80 

1.126 

1 14.8 

10,97 

1.438 i 

42.1 

39.99 

1.134 

1 ^5.7 

11.84 1 

1 1.453 

: 43.4 

41.41 

1.142 

1 16.5 

12.64 

i 1.468 

I 44,6 

42.83 

1.152 

1 17.6 

I 13.55 

1.483 

I 45.8 

44.38 

1.162 

i 18.6 

|. 14.37 

j. 1.498 

1 47.1 

46.15 

1.171 

' 19.5 

i 15.13 

! 1.514 : 

■ 48.3 

■47.60 

1.180 

20.5 

i 15.91 

i 1.530 

49.4 

49.02 

1.190 

21.4 

16.77 

; 1.546 

50.6 


1 .200 

22,4 

17.67 

i 1.563 

; 51.9 


1.210 

23,3 

18.58 ^ 

1 1.580 

i 53.2 


1.220 ,, 

24.2 

19.58 

j 1,597 

1 54.5 


1,231 

25.1 

1 20.59 

i 1.615 

i 55.9 

i 

1.241 

26.1 

! 21.42 

1 

1.634 

u 

j . 57.5 
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1 lillil 

i’iJ 


I 


Table VIII.— Specific Gkavity of Ammonia Solutions at 15®C. 
(x^ccording to Lunge and Wiemik) 

(Froai Treadwell & Hall’s “Analytical Chemistry,” Vol. 11, published by John Wiley 
& Sons, Inc. by permission) _ 


Specific gravity 

! 

1 Per cent NHs 

i 

Specific gravity 

Per cent NHg 

1.000 


0.00 


0.940 


15.63 

0.998 


0.45 


0.938 


16.22 

0.996 


0.91 


0.936 


16.82 

0.994 


1.37 


0.934 


17.42 

0.992 


1.84 


0.932 


18.03 

0.990 


2,31 


0.930 


18.64 

0.98S 


2.80 


0.928 


19.25 

0.986 


3.30 


0.926 


19.87 

0.984 


3.80 


0.924 


20.49 

0.982 


4.30 


0.922 


21.12 

0.980 


4.80 


0.920 


21.75 

0.978 


5.30 


0.918 


22.39 

0.976 


5.80 


0.916 


23.03 

0.974 


6.30 


0.914 


23.68 

0.972 


6.80 


0.912 


24.33 

0.970 


7.31 


0.910 


24.99 

0.968 


7.82 


0.908 


25.65 

0.966 


8.33 


0.906 


26.31 

0.964 


8.84 


0.904 


26.98 

0.962 


9.35 


0.902 


27.65 

0.960 


9.91 


0.900 


28.33 

0.958 


10.47 


0.898 


29.01 

0.956 


11.03 


0.896 


29.69 

0.954 


11.60 


0.894 


30.37 

0.952 


12.17 


0.892 


31.05 

0.950 


12.74 


0.890 


31.75 

0.948 


13.31 


0.888 


32.50 

0.946 


13.88 


0.886 


33.25 

0.944 


14.46 


0.884 


34.10 ■ 

0.942 


15.04 


0.882 


34.96 , 
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Table IX. —Ionization Constants^ ■ 25®C. 


Acids 



Constant 
for 1 st 
hydrogen 

Acetic acidy HC 2 H 3 O 2 

1.86 

X 

10 “^ 

Arsenic acidj H 3 ASO 4 

5 

X 

10“3 

Benzoic acid, HCrHgOg ......... 

6.6 

X' 

10 “^ 1 

Boric- acid, HsBOs .............. 

5.5 

X 

lO-io 

Carbonic acid, H 2 CO 3 . .... 

3.3 

X 

10 “^ 

Cliloracetie acid, HC 2 H 2 O 2 CI ..... ! 

1.6 

X 

10 “'‘ 

Citric acid, IlsCellsO? ........... ' 

8 

X 

10 “- j 

Formic acid, H,CH 02 

2.1 

X 

10 “^ 1 

Hydrocvanic acid, HCN ..... 

7.2 

X 

10-“ 1 

Hydrogen sulfide, HgS : 

' 9.1 

X 

10 “^ 1 

HjqjochJorous a,cid, HCIO ....... : 

4.0 

X 

10 -s 1 

Lactic acid, 110311,602 : 

1.6 

X 

10 i 

Nitrous acid, HNO 2 ■ 

4.5 

X 


Oxalic acid, H 2 C 2 O 4 

3.S 

X 

li)~2 

Phosphoric acid, H 3 PO 4 

1.1 

X 

10-^ 

Phosphorous acid, HsPOs. ....... 

5 

X 

.10“- 

Seienious acid, H 2 Se 03 

3 

X 

10“3 

Suifurous acid, H 2 SO 3 

1.7 

X 

10“2 

Tartaric acid, H2C4li406. 

1.1 

X 

10-s 



Coris'tiifit 
for Sd 
liydn jger? 


.4 X 10"'^ j 6 ■ X 10"''^" 


■5 X 10-"^^ ! 


1.2 X ; 


4.0 

2.0 
2 

5 

5 


X lU'-i’ 
X 10“- 
X 

X 10-'^ 
X Ur'^ 
X 10“'' 


3.ii X 10"-^'^ 


Bases 


Ammonium hydroxide, NH 4 OH. 

1.75X10"^ 

Agmkv . . 

G.S X 10' 

Aniline, CellsNHo ............ 

4 X 10“i« 

CdCNHdd'--. 

2.5 X 10“’' 

Diethyl amine, (C 2 n&) 2 NII .... 

1.3 X 10“^^ 

Co (Nils). 

2 X HV‘« 

Dimethyl amine, (CHs) 2 NH. . . 

7.4 X 10 -< 


4.6 X 

Ethyl amine, CylLNlls. 

5.6 X 10“^ 


5 X 10-'* 

IMethyi amine, CH 3 NH 2 

4.4 X 10-* 

2n{NILi4"+. 

3 XIU'-* 

Pyridine, CillsN. 

2.3 X 10-» 

Ag(CX),-. . . 

IJ X 10 



Cd(GX)4X.. 

1.4 X 10 ‘5^ 



Cu(CN)r... 

5.0 X 10-'^^ 



FetCNF... 

lil >: 10-^‘ 



HgCCN'.T... 

! 4.0 X 



XiCCN.UX.. 

j LO X 



Hgir 

1 5.0 X KX" 



Hgsr 

1 2.0 X 


1 

Ag(S20s')i3^ . . 

j 4.0 X 10"^'^ 


C’tMOplex lon?^. 
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Table. X, — Solubility Peoducts, Approximately 25®C. 


Aluminum hydroxide, Al(OH)3 

3.7 

X 

10-16 

Barium carbonate, BaCOa 

8.1 

X 

10-s 

chromate, BaCrOi. . . . 

3.0 

X 

10"10 

fluoride, BaFs 

1.7 

X 

10-6 

iodate, Ba(I03)2 

6.0 

X 

10"io 

oxalate, BaC204 

1.7 

X 

10-7 

sulfate, BaSOi 

1.1 

X 

10-M 

Bismuth sulfide, Bi-iSa 

1.6 

X 

10-72 

Cadmium sulfide, CdS 

3.6 

X 

10-29 

Calcium carbonate, CaCOs . . . ^ 

1.6 

X 

10-s 

chromate, CaCr04 ... 

2.3 

X 

10-2 

fluoride, CaF 2 . ...... ' 

3.2 

X 

10-n 

iodate, Ga(I03)2 

6.4 

X 

10-9 

oxalate, CaCaOi 

2.6 

X 

10-9 

sulfate, CaSCh 

6.4 

X 

10-6 

Cobalt sulfide, CoS 

3.0 

X 

10-26 

Cupric sulfide, CuS 

8.0 

X 

10 -is 

Cuprous chloride, CuCI ...... 

1.0 

X 

10 9 

bromide, CuBr 

4.1 

X 

10 s 

iodide, Cul 

5,0 

X 

10 12 

sulfide, CxiS 

1.0 

X 

10 -w 

thiocyanate, CuCNS. 

1.6 

X 

10 n 

Ferric hydroxide, Fe(OH);!. . . . 

1.1 

X 

10-36 

Ferrous hydroxide, Fe(OH)i: . . 

; 1.6 

X 

10-u 

sulfide, FeS 

1.5 

X 

10-19 

Lead carbonate, PbCOs 

5.6 

X 

10-14 

chloride, PbCb. 

2.4 

X 

10-4 

chromate, PbCrO^ 

1.8 

X 

10-14 

fluoride, PbFa 

3.7 

X 

10-^ 

iodate, PbClOsjs. 

9.8 

X 

10-14 

iodide, PbL 

2.4 

X 

10-s 

oxalate, PbCaOs ........ 

3.3 

x 

10-11 

phosphate, PhiCPOOs . . . 

1.5 

X 

10-32 

sulfate, PbS04 

1.1 

X 

10~8 

sulfide, PbS 

4.2 

X 

10-2S 


Magnesium carbonate, MgCOa. . 

2.6 

fluoride, MgF-i ..... 

6.4 

hydroxide, Mg (OH) 2 

3.4 

oxalate, I\lgC 204 .... 

8.6 

Manganese hydroxide, Mn(OH )2 

4.0 

sulfide, MnS 

1.4 

Mercurous chloride, Hg-jCis ..... 

1.1 

bromide, HgaBra. . . . . 

1.4 

iodide, Hgala. ....... 

1.2 

Nickel .sulfide, NiS . j 

1.4 

! 

Silver bromate, AgBrOs 1 

5.0 

bromide, .4gBr 

6.0 

carbonate, AgeCOs 

6.2 

chloride, AgCl 

1.0 

chromate, Ag 2 Cr 04 ....... ^ 

9.0 

cyanide, Ag 2 (CN) 2 

1.2 

hydroxide, AgOH . 

1.5 

iodate, AglO;? 

2.0 

iodide, Agl 

1.0 

nitrite, AgNOy 

7.0 

oxalate, Ag2C204 

1.3 

phosphate, Ag.'jPO.} 

1.8 

sulfate, Ag-iSO.* 

7.0 

sulfide, AgaS 

1.6 

thiocyanate, AgCNS 

LO 

Strontium, carbonate, SrCOs .... 

1.6 

, chromate, SrCr04 .... 

3.0 

fluoride, SrFs 

2.S 

oxalate, 'S.rC204 

5.6 

sulfate, SrSO.i . 

2.8 

Zinc carbonate, ZnCO i 

3.0 

hydroxide, Zn(OH) 2 . ...... 

1,8 

1 sulfide, ZnS 

1.2 


X 10~s 
X 

X 10-6, 

X lo-M 
X lo-w 

X io-« 
X lO-a 
X 10-28 

X 10-24 

X 10-6 
X 10-M 
X 10-1.2 
X 10-«5 
X 10-12 

X 10 12 

X iO-s 
X 10-s 
X 10-M 
X 10-< 
X 10-H 
X 10-1« 
X 10“6 
X 10-4» 
X 10™« 

X 10'"1» 
X 10“« 
X 10"-e 
X 10-« 
X 10-^ 

X lO'^ 

X 10 

X 10"«' 
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Table XI.— Specihc OxicATioN-REDtrcTioN Potentials 

[Temperature = 25°C. Solution concentrations are 1 molar unless other- 
wise specified. Gases (g) ai-e at 1 atmosphere pressure] 


Half-cell Reaction 

E« 

K ^ K+ + € 

-2.992 

ST^8r++.+ 2e 

-2.92 

Ba Ba++ + 2€ 

-2.90 

Ca Ca++ + 2€ 

-2.87 

Na 4 ^ Na+ '+ e 

-2.713 

Mg 4- 2€ 

-2.40 

Ai Ai+++ + Ze 

-L67 

Mn M.I 1 ++ + 26 

-.1.05 

Zn Zn++ + 26 

-0.758 

Cr ^=i Cr+++ + 3€ 

-0.71 

S= ^ S + 26 

-0.51 

Ii 2 C 204 (aq) 2 CO 2 (g) + 2H+ -h 26 

-0.49 

Fe Fe^-'- + 26 

-0.441 

H 2 (g) ?::+ 2H+ (10”7 M) + 26 

-0.414 

Cd ^ Cd++ + 26 

-0.398 

Co 4=^ Co++ + 2e 

-0.277 

Ni 4=± Ni++ + 26 

-0.22 

Sn 4 =± Sn++ + 26 

-0.136 

Pb 4^ Pb++ + 26 

-0.122 

Fe ^ Fe-^‘-+-^ + 36 

-0.04,5 

Hs (g) 2H+ -f 26 

0.000 


Sn++ 5:4 Sn++++ + 26 -1-0.13 

HsS 5=4 S -h 2H+ ■+• 2e -h0.141 

Bi -f 4C1- BiCU" -f 36 -t-0.168 

Sb + H 2 O 5:4 SbO+ -b 2 H+ 4 - 36 4-0.212 

Ag 4- Cl- 5 ^ AgCl -be 4-0.222 

As -b 3 H 2 O 54 HsAsOa -b 3H+ -b 3e 4-0.24 

2Hg 4- 2C1- ^ Hg 2 Cl 2 -I- 26 (calomel ceE) -bO.28.5 

Bi 4 - H 2 O BiO+ -b 2 H+ -b 36 4-0.32 

Cu 5:4 Cu++ 4- 26 4-0.344 

Fe(CN)o= Fe(CN) 6 » 4- e +0.40 

HaAsOa + H 2 O 5:4 II 0 ASO 4 + 2H+ -b 2e -b0.49_ 

21“ 544 12 -b 26 -b0.o3o 

MnOr <=4 MnOr + 6 +0.66 

H 2 O 2 54 O 2 (g) -b 2H+ -b 26 +0.68 

CcH 4 (OH )2 5=4 CoHiOs 4- 2H+ -b 2e (quinhydrone) 4-0.700 
Mn02 -b 4011“ 54 MnOd" + 2 H 2 O -b 26 4-0.71 

^ 4“ 0.747 

Ag ^ Ag+ -be 4-0.799 

2 H 2 O 5=4 O 2 (g) -b 4H+ (10-’ M) -b 46 +0.813 

Hg?iHg++ + 26 +0.86 
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Specific Oxidation-eeduction Potentials.— (C owiSmized) 


Half-ceil Reaction E® 

NO -f 2H2O NOs" + 4H+ + 36 4-0.94 

HNO2 4" H2O NOs”" 4“ 3H*^ "i- 26 4“0.96 

2 Br“ Br2 .(aq) 4- 26 4-1.065 

2Cr+++ 4- 7H2O GrsO?” 4- 14H-^ 4- 66 +1.30 

M 11 ++ + 2 H 2 O ^ Mn02 + 411+ + 26 +1.33 

201'- CI 2 + 26 +1.359 

Au Au+++ + 36 +1.42 

Pb++ + 2H2O Pb02 + 4H+ + 2e +1.44 

,Ce+++ Ce++++ + € +1.45 

M11++ + 4H2O MnOr + 8H+ + 56 ' +1.52 

Mn02 + 2H2O Mn04” + 4H+ + 36 +1.63 

PbS04 + 2H2O ^ PbOs + 4H+ + SOr + 26 +1.70 

2H2O ^ H2O2 + 2H+ + 26 +1.78 

S04“ S20g”“ + 2e +2.05 

2 F~^F2 + 26 +2.8 
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Table XII.— Formula Weights 

(These weights cover most of the compounds encountered in the problems of 

this text) 


AgaAsOi. 462.55 

AgBr 187.80 

AgBrOs 

AgCl. 

Agl-V*- 

AgNOs. 

Ag3P04 — 

Ag2S04 


235.80 
143.34 

234.80 
169.89 
418.65 
311.82 


BeO. 


CeOa 

Ce(S04)2.2(NH4)2S04..2H,0 - 


CHgCOOIi (acetic acid) . . . . 

{CHaCOsO. 

C6H.>jCOOH (benzoic acid) . , 
CO2 .... 

cocNiy^. 

CSCNHsb.. .............. 


AlBr., 266.72 

AbOa.. ' 101.94 

AKOHls 77.99 

AUSOda 342.12 

AWSOds-lSHaO........... 606,41 

As20.'i , 197.82 

AssOs............ 229.82 

AS'iSi! 246.00 

Ba,3(As04)2 689.90 

BaBra 297.19 

BaCb 208.27 

Baa2.2H20..... 244.31 

BaCOs 197.37 

BaC204 225.38 

BaFa 175.36 

Bala 391.20 

Ba(IOA2 487.20 

BaO..: , 153.36 

Ba(€)H )2 171,38 

Ba,((0H)2.8H2O. ........... 315.50 

^BaS04. 233.42 


CrCb. . . . 
CM \. . . . 
Gr2 (804)3. 


CuO 

Cu2((3H)<.)( ’O 3 . 
CuS . ........ 

CiiS 

CuS04.5H2(). . 


25.02 


FeCb... 

FeCb.6H20. 

FeCOs.......... 

FeCCrOa'b. 

Fe(N0s)3.6H20 

FeO 

FoaOs. . . 

Fe304 

Fe(OH)3,.. 

FeSa* 

FeoSi.... 

FeS 04 . 7 Ho 0 ........... 

FeaCSOOs. ............. 

FeaCSOda-OIhO. 

FeS04.(NIi4)2S04.6H20. . 


BKNOaXi.SIlaO... 485.10 

BiOo. ■ 241.00 

Bbda 466.00 

BiOliCOg...' 286.02 

BhS, , . 514.18 

CaCb 110.99 

CaCCOs 100.09 

(\¥t 78.08 

Ca(N03)2 104.10 

GaO 56.08 

Ca(OH) 2 . 74.10 

GasfPOOs 310.20 

3Ca3(P04)2.CaCl2 1041.59 

GaSd4h . 


IIBr 

IICHO 2 (formic add) . . . . . 
HC 2 II 3 O 2 (acetic add) . , . . 
HCyliaOx (beii?.oie f;i'cid) . . . 
IIGi.., 

HGiOi. ............... ... 

H 2 G 2 O 4 . 2 H 2 O , (oxalic- acid) . 
HCOOH (forriiic 'a-cid) . . . . 

HKOs............. /. 

H 2 O 2 ..,.. ........ ....... 

H3PO3.......... 

H 2 PO 4 , 

H 2 S ■ 


172.13 

632.51} 

60.05 
102.09 
122.12 

44.01 

60.06 

76.12 

li)S.38 

152.02 

380.20 

79.57 

221.17 

95.63 

159.20 
249.7,1 

162.22 

270.32 

115.86 

223.87 
3d 9.97 

71.S4 

159.70 

231.55 

106.87 
119.97 
139.76 

278.02 

399.88 

562.02 
3fr2.l5 

80.92 

46.03 

60.05 

122.12 
36.47 

100.46 

120,07 

•46.03 

63.02 

18.02 
34.02 
82.00 
98.CK) 
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Foemula Weights. —(Continued) 


H&Bra 561.06 

HgiCl, 472.14 

Hgj2 655.06 


K.A.1(S04)».12H20 474.38 

K,.4s04. 256.20 

KBrOs 167.01 

KCl 74.56 

KOlOs 122.56 

KClOi 13S.55 

KCN 65.11 

KCNS. 97.17 

KaCOs 138.20 

KsCrOi 194.20 

KsCi'aO, ■ 294.21 

KsFeCCNic, 329.25 

K4Fe(CN)6.3H20 422.39 

KHCjllsOr, (tartrate) 188.18 

KHCsH .,04 (phthalate) 204.16 

KHCOa..... 100.11 

KHC 2 O 4 128.12 

KHC 2 O 4 .H .0 146.14 

.KHC 204.H2C.04.2H,0 254.19 

KH(I03)j 389.94 

KHSO 4 136.16 

KI 166.02 

KIOs 214.02 

KMn04 158.03 

KNaC4H40o.4H20 282.23 

KNaCOs 122.11 

85.10 

KNO .4 101.10 

K 20 94.19 

KOH 56.10 

K 3 PO 4 212.27 

KaPtClo 486.16 

K. 2 SO 4 174.25 

K.2S04.-y.2(S04)3.24H.20 948.76 

K2S04.Cri,(S04)3.24Hj0 ..... 998.84 


Lid. . 
LiCOs. 
Li^O. . 
LiOH. 


42.40 

73.89 

29.88 

23.95 


MgCl. 

-MgCOr 

5IgNH4-Vs04. 
MgXHsPO,. . 

MgO 

Mg(OH)2. . . . 
iSI&PA. . . . 

5IgS04 

MgS04. 71120. 


95.23 

84.33 
181.27 
137.33 

40.32 

58.34 
222.60 
120.38 
246.49 


MaaOa 157.86 

MnsOi 228.79 

Mn2P207 283.82 

MoOs 143.95 

M024O37 2894.80 

M0S3 192.13 

NasA-sO.! 191.91 

Na..B407 201.27 

NaaBiOT.lOHsO 381.43 

NaBr 102.91 

NaBrOa 1.50.91 

NaCHOo (formate) 08.01 

NaCjI-LA (acetate) 82.04 

NaCl .58.45 

NaCN 49.02 

Xa2COs. iOb.OO 

NasCaO., 134.01 

NasH-^sOs 169.91 

NaPICOs 84.01 

NaHC.>0., 112.03 

Na..HPO., 141.98 

Na.>HPO.,.12H..0 358.17 

Nal-lS 56.07 

NaHjPOi 119.99 

NaH2PO.,.II,0 138.01 

Nal 149.92 

NaKCO., 122.11 

NaNOo 69.01 

NaNOs 85.01 

NsteO 61.99 

XaoOo 77.99 

XaOH 40.00 

NasPOi 163.97 

Na2P04.12H20 380.16 

Na,2S 78.05 

NaaSOa 120.05 

NaaSOi.lOIIsO 322.21 

Na^SjOa 158.11 

NaAOs.SHsO 248.19 

NH3 ... 17.03 

NPLd 53.50 

(NH,)2Co04.H20. .......... 142.12 

(NH^LHPO,.. 432.07 

NaOtl...... 36.05 

(NH4) 3PO.,. ].2 Mo 03 1876.53 

(NKiiaPtCle......... 444.05 

(NH,i)oS0i........ 132.14 

NO... 30.01 

NO................. 46.01 

N2O3 .......... 76.02 


MiiO. 

MnOs 


70.93 PhCL. 

86.93 PbClF 


278.12 

261.07 


APPENDIX 


Foemijla Weights.™ {Contimied) 


pbCA 

PbCr04 

pb|.> 

295.23 

323.22 

401.05 

pbab3)2. 

....... 557.05 

PMNOs)^ 

331.23 

PbO 

223.21 

PbO, 

239.21 

Pbaba 

462.42 

PbsO.,. . 

685.63 

Pb3{P04)2 

811.59 

PbSOi 

303.27 

Pdlo. 

360.54 

PjOs 

141.96 

SbiOa...- 

291.52 

SbjOi 

307.52 

ShAP 

323.52 

Sb2S3 • 

339.70 

SiCl4 

169.89 

SiF4 

104.06 

Si0.j 

60.06 


SnCla ■ ISO.CVf 

SnCli. 2f>0.r»3 

SnOs. 150.70 

50 2 . ■ t>l .00 

50 3 80.00 

BrCkMW mij.m 

SrCO.^. 

SrO ■ ... io:ioo 

79.90 

UO, 286.14 

UsOs . S42.21 

W'O;;... 231.92 

Zri,NH,P04 i7S.40 

ZnO...... 81,38 

Zn.P.Ov 304.72 

Z 11 SO 4 . 7 H 2 O. . ... lOi.PI 

ZrOo............ 123.22 
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LoG’AEITHMS of Ntoibebs 


'oportioxial parts 


Natural 

aumborH 


0000;0043 0080 012810170 0212;02o3 0294. 0334 0374 4 ■ S il2 17 23 i2r).20'33,37 
041410453 0492 0o3l!05r»9 000710645:0082,0719.0755 4 s S 11 15 19|23'20 3(r34 
079210828 0804 0890^0934 0009 ! 100411038! 1072 1106 3! 7 10 34 17 21 ’2^ '28'31 

1139 1173 1206 1239il271 1303 1335] 1367! 1399! 1430 3 I 6 10 13 16 19123126 29 

146111492 1523 1553il5S4 1614 164411673 1703 j 1732 3 | 6 i 9il2 IsjlS 21i24|27 

1761 1790 1818 1S47!iS75 1903 1931 1 1959 19S7| 2014 3 6 I sjll 14 17'2ol22l25 
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CALCULATIONS OF ANALYTICAL CHEMISTRY 

Intbbnational Atomic Weights 

( 1944 ) 
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INDEX 


A 

Absolute error, 2 
Absorbing agents, 287 
Ab'-^orpiion mot hods, 2S(> 

Accuracy of a result, 2 
Acid mixtures, titration of, 184 
Acidiimotry, calculations of, 15S 
Acidity, control of, in sultkle precipi- 
tations, 68 
Activity, 55 
Activity coefficients, 55 
Adsorption iiidicators, 243 
Alkali group, problems on, 312 
Alkalimetry, calculations of, 158 
Alkaline earth group, problems on, 

312 

Aluminum, problems on, 317 
Ammonium, problems on, 314 
Ammoniuni sulfide group, problems 
on, 311 

Ampere, definition of, 126 
Amperometric titrations, 275 
Anion group, problems on, 313 
Anliiogaritiim, definition of, 12 
Antimony, problems on, 323 
Arsenic, ])roblems on, 323 
Atomic weiglits, calculation of, 100 
Average deviation, 3 
Avogadro's law, 281 

, B • 

Balance, sensitiveness of, 93 
Barium, problems on, 310 
Beryllium, problems on, 320 
Bismuth, problems on, 320 
Bismuthate method, for manganese, 

222 

Boiling point, raising of, 142 
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Boron, problems on, 320 
Boyle’s law, 279 
Brass, problems on, 321 
Bromine, problems on, 315 
Bronze, |)roblcms on, 323 
Buffered solution, 52 
Buffered solutions, ap{>licntions of, hi 
separations, 67 

C 

Cadmium, problems on, 321 
C’alciurn, problems on, 316 
Cnlibration of measuring instru- 
ments, 153 

Calibration corrections, table of, 98 
Calomel cell, 255 
Carbon, problems on, 324 
Carbon <li oxide, problems on, 324. 
Carbonate mixtures, titration of, 201 
Cement, problems on, 317 
Ceric sulfate process, 22G 
Cerium, problems on, 320 
Characteristic, definition of, 11 
Charles’s law, 280 

Chemical balance, sensitiveness oJ, 93 
Chemical equations, ionic, mles tor 
writing, 18 

mathematical sigiiilicancff of, 29 
oxidation-reduction, rules for writ- 
ing, 21 

purpose of, 16 
types of, 16 
Chemical factor, lOi 
Chemical formula, mathematical sig- 
nificance of, 28 

Chlorate method, for mangaiiese, 223 
Chlorine, problems on, 315 
Chromium, problems on, 325 
Cobalt, problems on, 829 


3<S4 CALCULATIONS OF ANALYTICAL CHEMISTRY 


CVjlogarithi!}, definition of, 11 
Combustion methods, 287 
Common ion effect, 52 
Complex-ion formation, separations 
based on, 69 

Cornplex-ion-formation methods, 249 
Complex ions, dissociation constants 
of, 56 

Concentration, methods of express- 
ing, 36 

of solutions, 36 
Concentration ceil, 85 
Conductance, definition of, 266 
Coiiductoraetiic titrations, in acidim- 
etry, 267 

apparatus for, 271 
general discussion of, 266 
in preeipitimetry, 270 
Copper, problems on, 321 
Coulomb, definition of, 126 
Cubic centimeter, definition of, 153 
Cumulative corrections, 99 
Current efficiency, 129 
Cyanide, problems on, 315 
volumetric determination of, 249 

D 

Dalton ^s law, 280 

Data, conversion to milliequivalents, 
169 

Decomposition potential, 125 
Definite proportions, law of, 102 
Densities, table of, 96 
Deviation measure, 2 
Dichromate process, 225 
Diffusion current, 275 
Digit, definition of, 5 
Distribution law, 73 
Distribution ratio, 73 
Double-indicator titrations, 199 

E 

Electrode potential, relation to con- 
centration, 83 
Electrode potentials, 78 


Electrolysis, analysis by, 126 
Electrolytic methods, 125 
Electrometric methods, 255 
Elimination of a constituent, 135 
Empirical formulas, calculation of 
144 

End point, definition of, 191 
Equations, ■ for half-cell reactions, 
rules for writing, 79 
ionic, rules for writing, IS 
mathematical signifi,cance of, 29 
oxidation-reduction, rules for writ- 
ing, 21 

purpose of, 16 
types of, 16 

Equilibrium constant, ealcuiatioii of, 
from electrode potentials, 87 
Equilibrium constants, 46 
Equivalence point, definition of, 190 
determination of pH at, 191 
Equivalent conductance, definition 
of, 266 

Equivalent weight, definition of, 38 
Equivalent weights, in complex ion 
methods, 249 

in neutralization methods, 158 
in oxidation-reduction methods 
211 

in precipitation methods, 243 
Erg, definition of, 130 
Evolution method, for sulfiu’, 236 

F 

Factor weight sample, 110 
Faraday, definition of, 127 
Faraday's laws, 126 
Ferrous sulfate, equivalent weight of 
212 

Fluorine, problems on, 315 : 

Formal solution, , definition of,. 37 . 
Formula weight, definition of, 28 
Formulas, calculations based oip 28 
Fractional precipitation, 62 
Freezing point, lowering, 142 
Fuming sulfuric,, ■ .acid, : titration of, . - 



G 

Gas absorption iiietliods, 286 
Gas analysis, absorbing agents in, 
287 * 

calculations of, 279 
divisions of, 281 
laws of, 279 

Gas combustion methods, 287 
G a, S“ volumetric analysis, cal.culations 
of, 283 

G as- volumetric metliods, 2S 1 
Gay-Lussac’s law, 281 
General analysis, problems on, 335 
Glass electrode, 258 
Gold, problems on, . 315 
Gram-atom, definiti.on of, 28 
Gram-equivalent weight, definition 
of, 38 

Gram-ion, definition of, 28 
Gram-molecular weight, definition 
of, 28 

H 

Half cell, 77 

Half-cell reactions, rules for writing, 
79, 

Halogens, problems on, 315 
Hydrogen electrode, 78 
Hydrogen peroxide, equivalent 
weiglit of, 214, 216 
Hydrogen sulfide, equivalent weight 
of," 214. 

Hydrogen sulfh.le group, problems on, 

. ‘ 310 

Hydrogen sulfide |)recipitation, con- 
trol of acidity in, 68 
Hydrolysis, calculation, of degree of, 
196. 

Hydrooium ion, 47 ■ 

I ; ■. 

Indicator constant,. 189 .' 

Indicators, adsorption, .,243 
analyses involving two., 199 


Indicators, properties of, ISS 
table of, 190 

Indirect methods, gravimetric, 118 
volumetric, 176 

Introduction of a constituent, 135 
lodimetric process, 234 
Iodine, equivalent weight of, 216 
problems on, 315 

Ionic equations, method of writing, 18 
oxidation-redu cti.on, method of 

writing, 21 

Ionization of acids, bases, and sjilts, 

17 

Ionization constant, oO 
Iron, problems on, 317 
Iron value, 225 
Isomorphic replacement, 145 

J 

Joule, definition of, 130 

K 

.KJeldalil method, for nitrogen, 176 
L ' 

Lead, problems on, 321 
Liebig method, for cyanide, 249 
Lime, problems on, 317 
Limestone, problems on, 31.7 
Liter, clefiiiition of, 153 
Logarithm tables, metliod of using, 13 
Logarithms, rules gove:r.ning use of, 9 

M 

Magnesium, problems on, 316 
Manganese, problems un, 327 
Mantissa, defimtiori of, 11 
Mass action, law of, 46 
Mathematical operationa, 1 
Mean de\fiation, 3 
Mean value, 2 

: Measuring, ' instniments, c?a..iibraMo.ri 


INDEX 
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Oxidation-reduction methods, 211 
Oxidation-reduction processes, cal- 
culation of, 216 

Oxidation-reduction reactions, cal- 
culation of extent of, 86 
Oxidimetry, 211 

Oxidizing agents, equivalent weights 
of, 215 


Mercury, pi'obienis on, 315 
iMillieqiii valent v eight, definition of, 


]\Ii Dili ter, definition of, 153 
iMiliimole, definition of, 29 
Mixed alkali titration, with two in- 
dicators, 199 

Mixtures, determination of com- 
ponents in, 183 
Mobility of ions, 266 
Molar solution, definition of, 37 
Mole, definition of, 28 
Molecular formulas, calculation of, 


Percentage purity, calcuiation of, 
from titration values, 173 
Percentages, calculation of, 105 
calculations from, 135 
Permanganate process, 219 
Permanganate titrations, in neutral 
solution, 223 

Persuifa.te method, for manganese, 
223 

Phosphate mixtures, titration of, 207 
Phosphorus, problems on, 329 
pH value, definition of, 48 
determination of, at equivalence 
point, 191 

Platinum, problems on, 315 
pOH value, definition of, 48 
Polarograph, 277 

Polybasio acids, ionization of, IS, 53 
Potassium, problems on, 313 
Potassium binoxalate, equivalent 
weight of, 213 

Potassium bromate, equivalent "weiglit 
of, 216 

Potassium, dichromate, equivalent 
%veight of, 215 

Potassium ferricyanide, equivalent. 
* weight of, 215 

Potassium, permanganate, equivaieiit 
weight of, 215 . . 

Potassium tetroxalate, equivalent 
w^eight of, 214 

Potentiometric methods, 255 
Potentiometiic titrations, in . acidini- 
etry, 255 ' ■ ' 
apparatus for, 256 
' in oxidimetry,' 259 
in precipitimetry, 261 


Molybdenum, problems on, 324 


Neutral point, definition of, 191 
Neutralization methods, 158 
Nickel, problems on, 329 
volumetric determination of, 251 
Nitrogen, problems on, 314 
Normal solution, definition of, 38 
Normal temperature, definition of, 


Normality, adjustment of, 163 
determination of, 168 
of mixed solutions, 161 
Number, definition of, 3 
Numerical problems, conventions re- 
garding, 6 


Ohm, definition of, 130 
Ohm’s law, 130 
Oleum, titration of, 184 
Oxalic acid, equivalent weight of, 213 
Oxidation, definition of, 21 1 
Oxidation number, 20 
Oxidation potentials, 76 
Oxidation-reduction, relation of cur- 
rent to, 76 

Oxidation-reduction equations, in 
terms of half-cell reactions, 80 
method of writing, 21 
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Precipitation metliods, 243 

Precision, iiieasiirej 2 

Prob.lems, co,iiveiitions regardlngj 6 

Q 

Qiiiiiliydroiie electrode, 257 
■ R 

Ptaiige of doubt, 189 
Reacting solutions, ratios o,f, 166 
R.edox methods, 211 
Reducing age.nts, equ,ivale,iit weights 
of, 212 

lieductioii, defiiiitioji of, 211 
Relative error, 2 
,Pteliabi,iity, factors influencing, 1 
Reported percentages, calculations 
from, 135 

S 

Seieniu,iii, problems on, 331 
Sensitiveness of a. balance, 93 
Significant figure, deiinition of, 3 
Significant figures, rules governing 
use of, 3 

Silicon, problems on, 324 
Silver, problems on, 315 
Silver group, problems on, 309 
Slide rule, use of, 14 
Smith, J. L. method, for alkalies, 120 
Sodium, problems on, 313 
. Sodium carbonate, titration of, 199 
Sodium thiosulfate, equivalent weight 
.. . of, 214 

Solubility product, 60 
Solutions, adjusting to 'desired nor- 
mality, 163 

.. .meit.iods of: standardizing, 168 
normality of mixed, 161 
Specific conductance, definition, of, 
266 

Specific electrode potentials, 76 
Specific elements, methods for, 296 
problems on, 309 

Stannous chloride, equivalent weight 
of, 213 

Strontium, problems on, 316 


Substitution, method of, 97 
Sulfur, problems on, 331 
Smngs, method of, 94 

T 

Thiocyanate, pr(.»blems on, 315 
Thorium, problems on, 320 
Tin, problems on, 323 
Titanium, problems on, 317 
True volume, caJ,f*ulatio,n of, 153 
Tungsten, problems on, 32‘lr 
Two indicators, titrations invohdng 
use of, 199 

U 

Uratiium, problems on, 320 
V 

Vacuo, conversion i.o weight in, 95 
Vanadium, jiroblem,' on, 325 
Vapor pressure, correction for, 282 
Volhard method, fr<r halides, 244 
for manganese, 223 
for silver, 244 
Volt, definition of, 130 
Volume, of reagent, calculation of, 
113 

relationship to normality, 166 
relationship to percentage, ISO 
Volume ratios, 37 

Volumetric analysis, divisions of, 15S 
W 

Water, ion product constant of, 47 
problems on, 313 

Water vapor, corroidioii fo,r, 282 , 
Watt, deiinition of, 130 
Weight, conversion to vacuo, 95 
Weights, calibration of, 97 
Wiiiiains method, for manganese, 223 

Z 

Zinc, problems? on, 321 
Zirconium, problems on, 320 


